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SECTION I 

THE PORPHYRINS 

On t h e  b a s i s  of s p e c t r a l  comparisons of a l l  t h e  known hydrocarbon and 

 cyclic[^, C ,  N s p e c t r a ,  porphyr ins  seem t o  have t h r e e  of t h e  p roper -  I 
t i e s  which a r e  necessa ry  b u t  n o t  s u f f i c i e n t  f o r  making them c a n d i d a t e s  

a 
=4 f o r  i n t e r s t e l l a r  dust  p a r t i c l e @ .  Thesa the posi,fiions o f  the ab- 

s o r p t i o n  bands ,  p a r t i c u l a r l y  t h e  s t r o n g  S o r e t  band,  t h e i r  s t a b i l i t y  t o  

uv r a d i a t i o n ,  and a  l a r g e  v a r i e t y  of a v a i l a b l e  compounds o f  which a  

number have a b s o r p t i o n  bands ve ry  c l o s e  t o  t h e  i n t e r s t e l l a r  d i f f u s e  

a b s o r p t i o n  l i n e s .  The s p e c t r a l  l i n e  w i d t h  of t h e s e  bands w i l l  be d i s -  

c u s s e d ,  i n  p a r t i c u l a r  t h e  n o t i c e a b l e  sharpen ing  of t h e  spec t rum i n  t h e  

p y r i d i n e  haemochrome s e r i e s  compounds. The impor tan t  p r o p e r t i e s  o f  

t h e s e  porphyr in  compounds w i l l  f i r s t  b e  o u t l i n e d  i n c l u d i n g  t h e  d e f i n i -  

t i o n s  of s t r u c t u r a l  formula.  S e c t i o n  2 w i l l  review t h e  t h e o r e t i c a l  

a s p e c t s  u n d e r l y i n g  t h e  a b s o r p t i o n  s p e c t r a .  

1.1 STRUCTURE 

The porphyr ins  a r e  d e r i v e d  fo rmal ly  from porph in  by s u b s t i t u t i o n  of 

some o r  a l l  of  t h e  hydrogen atoms 1 t o  8 by v a r i o u s  s i d e - c h a i n s .  The 

porph in  macrocycle  i s  h i g h l y  c o n j u g a t e d ,  and a number o f  resonance  

forms can  be a s s i g n e d .  The c h a r a c t e r i s t i c  p r o p e r t i e s  o f  a L l  t h e i r  

d e r i v a t i v e s  a r e  i n t e n s e l y  c o l o r e d  a b s o r p t i o n  bands whose molar e x t i n c -  

t i o n  c o e f f i c i e n t s  a r e  o f  t h e  o r d e r  of 100,000. Tab le  I ,  t a k e n  from 

Falk,shows t h e  s t r u c t u r a l  formulas  and i s  a  t a b l e  of t h e  d e r i v a t i v e  o f  

t h e s e  compounds by s u b s t i t u e n t s  on p o s i t i o n s  1 t o  8 t o  v a r i o u s  s i d e -  

c h a i n s .  The molecule  can  be  regarded  e s s e n t i a l l y  a s  p l a n a r ,  w i t h  a 
0 D 

d i a m e t e r  o f  approximately  8 . 5 A  and a  t h i c k n e s s  of approximately  4 . 7 A ;  

t h e r e  a r e  d e v i a t i o n s  from t h i s  p l a n a r i t y ,  however. The b a s i c  s t r u c t u r e  

i s  a m i c r o c y c l i c  t e t r a p y r r o l e  s t r u c t u r e ,  f i r s t  sugges ted  by Kus te r  i n  

1912* The shape  of t h e  molecule  is  d i f f e r e n t  i n  s o l u t i o n  and i n  t h e  

c r y s t a l l i n e  s t a t e .  



TABLE 1 

EFFECT OF SUBSTITUENTS ON WAVELENGTH hYD 
TYPE OF VISIBLE SPECTRmf OF PORPEIYRIN ESTERS 

-- 
7129-Final 2 



F i g u r e  1. B a s i c  P o r p h y r i n  S t r u c t u r e  



(The c h i e f  r e  i- 

i s  necessa ry  i s  based on t h e  f a c t  t h a t  n o t  a l l  t h e  r e q u i r e d  s p e c t r o -  

s c o p i c  in format ion  i s  a v a i l a b l e  i n  o r d e r  t o  make a  f a i r  comparison 

w i t h  t h e  i n t e r s t e l l a r  d u s t  p a r t i c l e s .  As w i l l  be  po in ted  o u t  i n  a  

number of p l a c e s  i n  t h i s  r e p o r t ,  t h e  i n t e r s t e l l a r  d u s t  p a r t i c l e s  a r e  
- 5 

presumed t o  have dimensions of t h e  o r d e r  of 10 cm and a r e  ve ry  f i n e l y  

d i s p e r s e d  throughout  t h e  i n t e r s t e l l a r  medium w i t h  t empera tu res  o f  t h e  

o r d e r  of 20°K. S i n c e  it i s  extremely d i f f i c u l t  t o  s i m u l a t e  t h e s e  con- 

d i t i o n s  i n  t h e  l a b o r a t o r y ,  a  range of p h y s i c a l  phenomena w i l l  have t o  

b e  examined and e x t r a p o l a t i o n s  made. Thus when a b s o r p t i o n  d a t a  a r e  

t a k e n  i n  l i q u i d s ,  t h e  e f f e c t s  of t h e  s o l v e n t  must b e  e v a l u a t e d  a s  w e l l  

a s  pH, d r y n e s s ,  c o n c e n t r a t i o n ,  e t c . )  

F a m i l i a r  compounds be long ing  t o  t h e  porphyr in  group a r e  c h l o r o p h y l l ,  

haem, and v i t a m i n  B-12. T h e i r  importance i n  n a t u r e  makes t h e i r  s t u d y  

impor tan t  i n  t h e  b i o l o g i c a l  f i e l d .  It h a s  r e s u l t e d  i n  a  c o n s i d e r a b l e  

l i t e r a t u r e .  Note t h a t  t h e  l o c a t i o n  a t  t h e  c e n t e r  of t h e  s t r u c t u r e  

cou ld  be e i t h e r  m e t a l - f r e e  o r  c o n t a i n  a  metal  such  a s  Fe o r  Mg. The 

p r o t o p o r p h y r i n  and protohaem s t r u c t u r e s  a r e  shown i n  Fig .  2 . A com- 

p a r i s o n  o f  t h e  c h l o r o p h y l l  and haem s t r u c t u r e s  i s  shown i n  Fig .  3 .  

The isomerism i n  porphyr ins  i s  d i s c u s s e d  b r i e f l y .  There a r e  t h r e e  

s u b s t i t u e n t  groups .  As i n  p r o t o p o r p h y r i n ,  15 isomers a r e  p o s s i b l e .  

P r o t o p o r p h y r i n  I X  i s  s y s t e m a t i c a l l y  r e l a t e d  t o  a e t i o p o r p h y r i n  111 and 

t h e i r  r e s p e c t i v e  porphyr inogens ,  which a r e  t h e  b i o s y n t h e t i c  p r e c u r s o r s  

of t h e  b i o l o g i c a l l y  impor tan t  p ro toporphyr in  I X  and protohaem I X .  Every 

porphyr in  and m e t a l l o p o r p h y r i n  known t o  have a  m e t a b o l i c  f u n c t i o n  i s  

model led on t h i s  g e n e r a l  p a t t e r n  of s i d e - c h a i n  s u b s t i t u t i o n  i n c l u d i n g  

t h e  p r o s t h e t i c  groups o f  a l l  t h e  known haemoprote ins ,  t h e  c h l o r o p h y l l s ,  

and v i t a m i n  B-12 ( s e e  p. 1 5 ,  Falk)  . 
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Figure 2. Structures of Protoporphyrin 
IX and Protohaem IX 



F i g u r e  3 .  S t r u c t u r e s  of Impor tan t  Porphyr ins  



STABILITY 

The e s t e r s  and meta l  complexes of t h e  porphyr ins  mel t  i n  t h e  r e g i o n  

200-300°C o f t e n  w i t h o u t  decomposit ion.  Some porphyr ins  and t h e i r  metal  

complexes may be  sublimed unchanged i n  h igh  vacuum i n  t h e  range  200- 

300°c; ph tha locyan ine  subl imes unchanged a t  550°C. The p o r p h y r i n  nu- 

c l e u s  i s  s t a b l e  to c o n c e n t r a t e d  s u l f u r i c  a c i d .  

The appearance sf p o r p h y r i n s  9n n a t u r a l  e n v i ~ o r m e n t s  and i n  petroLeums 

i s  ev idence  of t h e i r  chemical  s t a b i l i t y .  When haemat in  and ch lo ropor -  

p h y r i n s  a r e  exposed t o  g e o l o g i c  environments ,  t h e i r  m e t a l  atoms a r e  

u s u a l l y  l o s t ;  n o t  s o ,  however, t h e i r  s k e l e t o n  s t r u c t u r e ,  m e t a l - f r e e  

porphyr ins  be ing  formed. I n  t i m e ,  o t h e r  atoms such a s  n i c k e l  and van- 

adium, s u b s t i t u t e  f o r  t h e  i r o n  and magnesium, y i e l d i n g  v e r y  s t a b l e  com- 

p l e x e s .  It i s  t h e s e  forms of  t h e  porphyr ins  t h a t  a r e  u s u a l l y  found i n  

o l d  sed iments ,  p a r t i c u l a r l y  s i n c e  they  a r e  v e r y  s o l u b l e  i n  pet roleums 

where they  a r e  found abundan t ly .  These porphyr ins  have been found i n  

specimens t h a t  a r e  a t  l e a s t  h a l f  a  b i l l i o n  y e a r s  o l d .  T r e i b s  r e p o r t e d  

f i n d i n g  m e t a l l o p o r p h y r i n s  i n  66 c r u d e  o i l s ,  9 a s p h a l t s ,  70 bi tuminous 

o i l  s h a l e s ,  and 17 c o a l s ,  t h e  o l d e s t  samples b e i n g  found i n  Cambrian 

s h a l e s .  The f a c t  t h a t  t h e s e  porphyr ins  a r e  found i n  c o n j u n c t i o n  w i t h  

pe t ro leum p r o d u c t s  i s  ev idence  f o r  t h e i r  o r g a n i c  o r i g i n  ( P h i l l i p  H. 

Abelson) .  

1 . 3  STABILITY TO LIGHT 

The porphyr ins  do r e a c t  t o  l i g h t  s i n c e  they  have a b s o r p t i o n  bands i n  

t h e  uv and v i s i b l e  r e g i o n .  I n  f a c t ,  i t  i s  t h e i r  l i g h t  s e n s i t i v i t y  which 

makes t h e s e  compounds u s e f u l  i n  t h e  f i e l d  of b i o l o g y ,  e . g . ,  photo- 

s y n t h e s i s .  Of p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  an  a b s o r p t i o n  
0 

band i n  t h e  u l t r a v i o l e t  a t  2800A e x i s t s  f o r  t h e  porphyr ins .  Most 

o f  t h e  porphyr ins  f l u o r e s c e  on i r r a d i a t i o n  i n  t h e  u l t r a v i o l e t .  Th i s  



uv a b s o r p t i o n  a l lows  f o r  s t a b i l i t y  of t h e s e  compounds s i n c e  t h e i r  

energv can  b e  d i s s i p a t e d  i n  a  cascade  p r o c e s s  v i a  f l u o r e s c e n c e  (H.  

L i n s c h i t z ,  p r i v a t e  communication).  A g r e a t  d e a l  of work h a s  been done 

on f l u o r e s c e n t  e x c i t a t i o n  and emiss ion  s p e c t r a ,  t h e  c o n d i t i o n s  f o r  

t h e i r  o c c u r r e n c e  depending on t h e  pH, s o l v e n t ,  and i m p u r i t i e s .  The 

e x c i t a t i o n  maxima a r e  n e c e s s a r i l y  c l o s e  t o  t h e  a b s o r p t i o n  maxima i n  

b o t h  t h e  S o r e t  and v i s i b l e  r e g i o n s ,  b u t  u s u a l l y  o n l y  one emiss ion  i s  

found at a little l o n g e r  wavelength  t h a n  t h a t  of  t h e  a b s o r p t i o n  band. 

No i n s t a n c e s  a r e  known o f  f l u o r e s c e n c e  i n  a  p o r p h y r i n  complex w i t h  a 

t r a n s i t i o n  m e t a l  ion .  On t h e  o t h e r  hand,  some m e t a l l o p o r p h y r i n s  con- 

t a i n i n g  i o n s  t h a t  have no u n p a i r e d  e l e c t r o n s  (magnesium, z i n c ,  cadmium, 

t i n ,  b a r i u m ) , w h i l e  n o t  f l u o r e s c i n g  i n  anhydrous ,  nonpo la r  s o l v e n t s ,  

g i v e  f l u o r e s c e n t  compounds i n  t h e  p r e s e n c e  of p o l a r  l i g a n d s .  The 

f l u o r e s c e n c e  s p e c t r a  of  c h l o r o p h y l l  and pheophy t ins  a r e  no doubt  due 

t o  t h e  p r e s e n c e  of  w a t e r  molecu les  c o o r d i n a t e d  t o  t h e i r  magnesium atoms 

e'- 

1.4 SPECTRA OF THE PORPHYRIN MOLECULES 

Some g e n e r a l  comments on t h e  s p e c t r a  w i l l  b e  g i v e n  i n  t h i s  s e c t i o n .  

T h e o r e t i c a l  d e t a i l s  a r e  d i s c u s s e d  i n  S e c t i o n  3 .  Some o f  t h e  main 

p o i n t s  a r e  a s  f o l l o w s :  F a c t o r s  which encourage a n  i n c r e a s e  i n  t h e  
I 

n - e l e c t r o n  d e n s i t y  o f  t h e  p e r i p h e r y  o f  t h e  p o r p h y r i n  n u c l e u s  c a u s e  

s h i f t s  a l o n g  t h e  wavelengths  i n  t h e  a b s o r p t i o n  bands ,  and t h e  f l u o -  

r e s c e n t  emiss ion  band i s  p r e s e n t .  S h i f t s  t o  l o n g e r  wavelengths  a r e  

found a s  t h e  e l e c t r o n - a t t r a c t i n g  power of s i d e - c h a i n s  i n c r e a s e s  and 

a s  t h e  s t a b i l i t y  of porphyr in  c h e l a t e s  w i t h  d i f f e r e n t  m e t a l  i o n s  de-  

c r e a s e s  ( a s  t h e  c o v a l e n t  component i n  t h e  bonding d e c r e a s e s ) .  

Among f u r t h e r  complexes of  i r o n  p o r p h y r i n s  (Fe(L1) p o r p h y r i n s ) ,  t h e  

low-spin  complexes formed by n-bonding l i g a n d s  have s h a r p  a b s o r p t i o n  

bands and absorb  a t  s h o r t e r  wavelengths  t h a n  t h e  h i g h - s p i n  complexes 

formed by s a t u r a t e d  l i g a n d s .  An a b s o r p t i o n  band a t  6 3 0 0 i  i s  a s c r i b e d  



t o  a  c h a r g e  t r a n s f e r  band found i n  t h e  h i g h - s p i n  b u t  n o t  i n  t h e  l o w -  

s p i n  complexes.  Note t h a t  a s t r o n g  i n t e r s t e l l a r  d i f f u s e  a b s o r p t i o n  

l i n e  a t  6284 might correspond t o  t h i s  cha rge  t r a n s f e r  band. For t h e  por -  

p h y r i n  c h e l a t e s  w i t h  d i f f e r e n t  me ta l  i o n s ,  t h e  s h i f t  of  a b s o r p t i o n  t o  

l o n g e r  wave leng th ,  co r respond ing  t o  a  d e c r e a s e  i n  s t a b i l i t y ,  i s  a s s o -  

c i a t e d  w i t h  a  d e c r e a s e  i n  t h e  r a t i o  of  t h e  i n t e n s i t y  of band I t o  

band 11. The n a t u r e  and d i s t r i b u t i o n  of  t h e  s i d e - c h a i n s  d e t e r m i n e  t h e  

r a t i o s  of i n t e n s i t y  s f  t h e  f o u r  main v i s i b l e  bands of porphyr ins  in 

n e u t r a l  s o l v e n t s  (Fa lk ,  p. 7 2 ) .  

The a b s o r p t i o n  o f  porphyr ins  i n  t h e  s o - c a l l e d  S o r e t  band i s  most c h a r -  

a c t e r i s t i c  of  t h e s e  compounds and was one o f  t h e  most impor tan t  c l u e s  

f o r  i t s  s u g g e s t e d  i d e n t i f i c a t i o n  f o r  t h e  i n t e r s t e l l a r  g r a i n s ,  s i n c e  

t h e  i n t e r s t e l l a r  a b s o r p t i o n  band a t  4430 i s  l i k e w i s e  t h e  s t r o n g e s t  ob- 

s e r v e d  f e a t u r e .  S i n c e  t h e  S o r e t  band v a r i e s  from 4000 t o  4 5 0 0 i  f o r  

t h e s e  compounds, i t  remains t o  choose among t h e  hundreds o f  compounds 

which showed a b s o r p t i o n  c l o s e  t o  t h e s e  i n t e r s t e l l a r  d i f f u s e  l i n e s .  

Such comparisons a r e  d i s c u s s e d  i n  more d e t a i l  i n  S e c t i o n  4 .  The major  

e x t i n c t i o n  of t h e  S o r e t  band i s  between 200,000 and 500,000,  u s u a l l y  

10  t o  20 t i m e s  a s  i n t e n s e  a s  t h e  s t r o n g e s t  o f  t h e  v i s i b l e  bands.  T h i s  

S o r e t  band i s  found i n  a l l  t e t r a p y r r o l e s  i n  which t h e  nuc leus  i s  f u l l y  

c o n j u g a t e d ,  i n c l u d i n g  p o r p h y r i n s ,  m e t a l l o p o r p h y r i n s ,  and haemaproteans .  

It i s  p r e s e n t  of  c o u r s e  i n  c h l o r o p h y l l  a n d . v i t a m i n  B-12. The e f f e c t  

of  s o l v e n t s  on t h e  p o s i t i o n  of  t h e  band r e q u i r e s  d e t a i l e d  s t u d y  s i n c e  

changes of  i n t e n s i t y  a s  w e l l  a s  t h e  wavelength  occur  w i t h  d i f f e r e n t  

s o l v e n t s .  The e f f e c t  of  s u b s t i t u t i o n s  on t h e  p o s i t i o n  o f  t h e  wave- 

l e n g t h  f o r  c e r t a i n  porphyr in  e s t e r s  i s  shown i n  Table  I. 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  c e r t a i n  l i n e s  i n  t h e  p y r i d i n e  haemo- 

chrome spec t rum a r e  sharpened c o n s i d e r a b l y ,  presumably due t o  a  change 

from t h e  d i m e r i c  t o  t h e  monomeric s p e c i e s .  S i m i l a r  changes a r e  b e l i e v e d  

t o  occur  a l s o  i n  t h e  sha rpen ing  o f  t h e  l i n e s  i n  t h e  f e r r o p o r p h y r i n  

spect rum.  The low-spin  F e - I 1  porphyr in  complexes have s h a r p e r  a b s o r p t i o n  



bands a t  s h o r t e r  wavelengths  t h a n  t h e  h i g h - s p i n  complexes. This  i s  

d u e  t o  t h e  i n t e r a c t i o n  of  e l e c t r o n s  i n  t h e  t h i r d  t o r b i t a l  of low- 
2g 

s p i n  i r o n  complexes w i t h  n - o r b i t a l s  of t h e  l i g a n d  n i t r o g e n  atoms ( s e e  

F a l k ,  p.  82 "Theory of t h e  Porphyr in  S p e c t r a " ) .  One may c o n s i d e r  t h e  

p o r p h y r i n  molecule  a s  c o n s i s t i n g  of a  framework of  atoms h e l d  t o g e t h e r  

by t w o - e l e c t r o n  (o) bonds and by t h e  remainder  of  t h e  v a l e n c e  e l e c t r o n s  

( t h e  n - e l e c t r o n s ) ,  which occupy molecu la r  o r b i t a l s  ex tend ing  over  t h e  

whole framework. The r e s u l t a n t  s t r o n g  d e l o c a l i z a t i o n  of t h e  n - e l e c t r o n s  

is  r e s p o n s i b l e  f o r  t h e  a r o m a t i c  c h a r a c t e r  o f  t h e  p o r p h y r i n  nuc leus  and 

r e s u l t s  i n  s m a l l  enough energy d i f f e r e n c e s  between t h e  h i g h e s t  occup ied  

o r b i t a l  and t h e  lowest  v a c a n t  o r b i t a l  f o r  t r a n s i t i o n s  between t h e s e  t o  

g i v e  r i s e  t o  a b s o r p t i o n  bands i n  t h e  v i s i b l e  and n e a r - u l t r a v i o l e t  r e -  

g i o n  o f  t h e  spec t rum ( F a l k ,  p. 90) .  

I n  g e n e r a l  t h e r e  a r e  f o u r  bands i n  t h e  p o r p h y r i n  molecules  i n  n e u t r a l  

s o l v e n t s  a s i d e  from t h e  S o r e t  band. Some b e l i e v e  t h a t  t h e  v i s i b l e  

bands a r e  r e a l l y  two p a i r s  of  bands which would b e  superimposed i f  t h e  

p o r p h y r i n  nuc leus  were s t r i c t l y  s q u a r e  and un i fo rmly  s u b s t i t u t e d .  X-ray 

a n a l y s i s  of  t h e  c l o s e l y  s i m i l a r  ph tha locyan ine  molecule  has  shown t h i s  

s t r u c t u r e  t o  b e  s l i g h t l y  d i s t o r t e d  from t h e  s q u a r e  c o n f i g u r a t i o n .  I n  

c a s e s  where t h i s  d i s t o r t i o n  i s  n o t  p r e s e n t ,  such a s  i n  t h e  porphyr in  

d i a n i o n  and d i c a t i o n  and i n  porphyr in  c h e l a t e s  w i t h  d i v a l e n t  m e t a l  

i o n s ,  two v i s i b l e  bands on ly  a r e  found.  

The observed bands a r i s e  due t o  t r a n s i t i o n s  between f i l l e d  o r b i t a l s  of 

A2u 
- t y p e  symmetry and v a c a n t  E - t y p e  o r b i t a l s .  The bands a r e  a s s o -  

g  
c i a t e d  w i t h  e l e c t r o n i c  d i sp lacement  towards t h e  p e r i p h e r y  which may b e  

e i t h e r  a long  o r  p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  two hydrogen atoms 

(which a r e  on o p p o s i t e  p y r r o l e  n i t r o g e n s ) .  Because bands I and I11 

a r e  f o r  a  (0-0) v i b r a t i o n a l  t r a n s i t i o n ,  which i s  c l a s s e d  a s  f o r b i d d e n ,  

i n t e n s i t i e s  w i l l  depend v e r y  much more on any l o s s  o f  symmetry i n  t h e  

p o r p h y r i n  molecu le  than  w i l l  bands I1 and I V ,  which a r e  i n t e r p r e t e d  a s  



(0-1) al lowed v i b r a t i o n a l  bands. S u b s t i t u t i o n  of a l k y l  groups o r  

c a r b o x y l  groups w i l l  n o t  a f f e c t  t h e  symmetry of t h e  molecules .  G r e a t e r  

d i s t o r t i o n ,  however, i s  observed on s u b s t i t u t i o n  of a  p e r i p h e r a l  hydro- 

gen atom by a  group such a s  -CHo,  =COCH3, o r  -COOCH3. 

The S o r e t  band i s  thought  t o  be due t o  t r a n s i t i o n  of an  e l e c t r o n  i n  an 

hru orhlitr-el- in wirCch i t -  i s  confined to Fhp @arbon R ~ O ~ S  $35 *he p y l c r n l ~  

r i n g  t o  an  E o r b i t a l ,  which i s  one of a  p a i r  of e q u a l  e n e r g y ,  s t r o n g l y  
g  

p o l a r i z e d  a long  and p e r p e n d i c u l a r  t o  t h e  a x i s  of t h e  two NHs .  Spec t ro -  

s c o p i c  e f f e c t s  may be  e x p l a i n e d  by t h e  e a s e  w i t h  which t h e  movement of 

e l e c t r o n s  towards t h e  p e r i p h e r y  of t h e  porphyr in  p l a n e  can  b e  f a c i l i t a t e d .  

Gouterman h a s  shown t h a t  t h e  l e s s  e l e c t r o n e g a t i v e  t h e  m e t a l ,  t h e  g r e a t e r  

t h e  i n t e n s i t y  of t h e  v i s i b l e  bands of t h e  m e t a l l o p o r p h y r i n s  and t h e  

l o n g e r  t h e i r  wavelength.  S i m i l a r l y ,  s t r o n g l y  e l e c t r o n - a t t r a c t i v e  sub- 

s t i t u e n t s  'of t h e  porphyr in  nuc leus  cause  s h i f t s  t o  t h e  l o n g e r  wavelength  

f o r  a l l  t h e  bands of t h e  porphyr ins .  





SECTION 2 

THEORY 

In t h i s  s e c t i o n  we wish t o  summarize some of t h e  t h e o r e t i c a l  d i s c u s s i o n s  

t h a t  have been g i v e n  by v a r i o u s  a u t h o r s .  No c l a i m  is made h e r e  f o r  com- 

pbecenesa; t h e  va r ious  t h e o r i e s  a r e  r e p o r t e d  and d e s c r i b e d  mainly  t o  
I 

c l a r i f y  and i l l u m i n a t e  t h e  s i tuat ion ' .  One h a s  t o  recognize  t h a t  a  g r e a t  
i 

d e a l  of o v e r l a p  o c c u r s  among v a r i o u s  a u t h o r s  and t h a t  d i f f e r e n t  i n t e r -  

p r e t a t i o n s  a r e  p o s s i b l e .  A s  can  b e  s e e n  i n  t h e  b i b l i o g r a p h y ,  g r e a t  con- 

t r i b u t i o n s  t o  t h e  theory  were  made by J .  R .  P l a t t ,  M. Gouterman and t h e i r  

a s s o c i a t e s .  F i r s t  we wish t o  quo te  a  paper  by Gur inov ich ,  e t  a l .  

*I Group t h e o r y  permi t s  u s  t o  c l a s s i f y  t h e  e l e c t r o n i c  
and v i b r a t i o n a l  s t a t e s  of molecules  accord ing  t o  t h e  
t r a n s f o r m a t i o n  p r o p e r t i e s  of t h e  wave f u n c t i o n s  w i t h  
r e s p e c t  t o  v a r i o u s  symmetry o p e r a t i o n s .  The n - e l e c -  
t r o n s  have t h e  p e c u l i a r i t y  t h a t  t h e i r  o r b i t a l s  a r e  
n e c e s s a r i l y  ant isymmetr ic  w i t h  r e s p e c t  t o  t h e  opera-  
t i o n  o f  r e f l e c t i o n  i n  t h e  p l a n e  of t h e  molecule .  
T h i s  l i m i t s  t h e  number of p o s s i b l e  t y p e s  o f  o r b i t a l s ,  
and hence ,  of s t a t e s *  I n  p a r t i c u l a r ,  f o r  symmetry 

D4h t h e  on ly  p o s s i b l e  o r b i t a l s  a r e  a l u ,  a z u ,  b l u ,  
bZu ,  and eg.* For symmetry D4h, t h e  on ly  p o s s i b l e  
s t a t e s  p e r m i t t e d  by group theory  a r e  t h e  nondegener- 
a t e  even s t a t e s  A l g ,  Big, A z g ,  B2g, and t h e  doubly- 
d e g e n e r a t e  odd s t a t e  EU. When t h e  symmetry i s  lowered 
t o  D2h, t h e  Eu s t a t e  s p l i t s  i n  two: BzU and Bg,, w h i l e  
t h e  even s t a t e s  change symbols:  A l g  and Big go over  
i n t o  A l g  and A2g, w h i l e  B2g goes over  i n t o  Big. Fig-  
u r e  4 i l l u s t r a t e s  what has  been s a i d .  The s i g n s  "+" 
and '1-  'I i n d i c a t e  t h e  s i g n  of t h e  wave f u n c t i o n .  

The ground e l e c t r o n i c  s t a t e  of t h e  p o r p h y r i n s ,  a s  
w i t h  o t h e r  c l a s s e s  of compounds, must be  t o t a l l y -  
symmetric (Alg). Using t h e  t a b l e  of d i r e c t  p roduc t s  ,** 
and t a k i n g  i n t o  account  t h e  p o s s i b l e  types  o f  sym- 
metry o f  n - e l e c t r o n  s t a t e s ,  we can e a s i l y  d e r i v e  t h e  

%See, e - g . ,  Longuet-Higgins ,  R e c t o r ,  and P l a t t ,  J. Chem. Phys. 1 8 ,  
1174 (1950) 

*+<See, e . g . ,  H. Sponer and E. T e l l e r ,  Revs. Mod, Phys . ,  - 1 3 ,  75 (1941) 
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fo l lowing  s e l e c t i o n  r u l e s  f o r  t h e  porphyr ins .  The 
on ly  t r a n s i t i o n s  a l lowed i n  a b s o r p t i o n  a r e  t h o s e  
t o  t h e  degenera te  E, s t a t e s  ( f o r  symmetry D4h) and 
t o  t h e  B2, and B3U s t a t e s  ( f o r  symmetry D2h). The 
moments of t h e  t r a n s i t i o n s  A1 -Bzu and A I ~ - - - B ~ ~  
a r e  mutua l ly  p e r p e n d i c u l a r .  8 o r r e s p o n d i n g l y ,  
F ig .  4 i n d i c a t e s  t h e  s t a t e s  f o r  which t r a n s i t i o n  
from t h e  ground s t a t e  i s  a l lowed by t h e  l e t t e r  a ,  
and t h o s e  fo rb idden  by t h e  l e t t e r  f .  The p o l a r -  
i z a t i o n s  of t h e  t r a n s i t i o n s  a r e  a l s o  i n d i c a t e d  
t h e r e .  I n  t h e  c a s e  of symmetry C2v (d ihydropor-  
p h i n ) ,  a l l  t h e  t r a n s i t i o n s  f o r b i d d e n  f o r  symmetry 
groups  D4h and D2h a r e  a l lowed ,  i n  l i n e  w i t h  t h e  
absence  o f  a  c e n t e r  of symmetry. 

The exper imenta l  d a t a  i n d i c a t e  t h a t  t h e  a l lowed 
t r a n s i t i o n  i n  t h e  m e t a l l o p o r p h y r i n s  and doubly- 
charged porphyr in  i o n s  cor responds  t o  t h e  S o r e t  
band. According t o  what h a s  been s a i d  above,  
t h i s  band must be  a s s i g n e d  t o  t h e  t r a n s i t i o n  

Alg-q. The s m a l l  change i n  t h e  form of  t h i s  
band when t h e  symmetry is lowered means t h a t  t h e  
s t a t e s  B2, and B3, r e s u l t i n g  from s p l i t t i n g  of 
t h e  doubly-degenerate  E, s t a t e  a r e  c l o s e  i n  energy.  
Apparen t ly ,  t h e  S o r e t  band o f  t h e  n e u t r a l  porphyr in  
molecules  cor responds  t o  two a l lowed t r a n s i t i o n s  
which a r e  c l o s e  i n  f r e q u e n c y ,  and have mutua l ly -  
p e r p e n d i c u l a r  o r i e n t a t i o n s ,  i n  agreement w i t h  t h e  
p o l a r i z a t i o n  spectrum. 

I n  t h e  meta l loporphyr ins  and t h e  porphyr in  c a t i o n s ,  
t h e  lowest  e x c i t e d  s t a t e  i s  a l s o  doubly d e g e n e r a t e .  
Cor responding ly ,  t h e  long-wavelength t r a n s i t i o n  
(Alg-%) h e r e  shou ld  be  allowed by t h e  s e l e c t i o n  
r u l e s  f o r  symmetry D4h. Hence, t h e  low i n t e n s i t y  
of band I i n  t h i s  c a s e  cannot  be exp la ined  by a  
s e l e c t i o n  r u l e  f o r b i d d i n g  t h e  t r a n s i t i o n  on grounds 
o f  symmetry, and we must have r e c o u r s e  t o  o t h e r  
arguments.  I n  p a r t i c u l a r ,  Simpson used f o r  t h i s  
purpose  t h e  i d e a  of t r a n s i t i o n s  be ing  "forbidden by 
t h e  angu la r  momentum.'' Without going i n t o  an ana- 
l y s i s  of t h e  views of v a r i o u s  a u t h o r s  on t h i s  prob- 
lem, we should n o t e  t h a t  i n  a n n u l a r  con juga ted  s y s -  
tems t h e r e  a r e  f a c t o r s  which g r e a t l y  weaken t r a n s i t i o n s  
which a r e  n o t  f o r b i d d e n  by symmetry. Analogous 
arguments can a l s o  be  adduced f o r  symmetry D2h; t h e  
r e l a t i v e l y  low i n t e n s i t y  of bands I and III may be  
due t o  t h e  same f a c t o r s .  



Here,  t h e  assumption t h a t  t h e  fo rb idden  c h a r a c t e r  
does n o t  invo lve  t h e  symmetry of t h e  molecules  i s  
a l s o  confirmed by a  comparison of t h e  a b s o r p t i o n  
and luminescence s p e c t r a  o f  porphin  and t e t r a z a -  
porphin .  The i n t e n s e  a b s o r p t i o n  bands of t e t r a -  
zaporphin  a r e  r e l a t e d  t o  band I and 111 of  p o r p h i n ,  
s i n c e  s u c c e s s i v e  s u b s t i t u t i o n  o f  t h e  b r i d g e  carbon 
atoms by n i t r o g e n  atoms i n c r e a s e s  t h e  i n t e n s i t y  of 
t h e s e  bands ,  b u t  h a r d l y  a l t e r s  t h e i r  p o s i t i o n s .  
When a  meta l  is  i n t r o d u c e d ,  t h e  i n t e n s e  a b s o r p t i o n  
bands of t e t r a z a p o r p h i n  be long ing  t o  t h e  al lowed 
t r a n s i t i o n s  Alg-B2u and A I ~ - B ~ ~ ,  whose o s c i l l a -  
t o r s  a r e  m u t u a l l y - p e r p e n d i c u l a r ,  merge i n t o  one 
band hav ing  p l a n a r  o s c i l l a t o r .  Th i s  analogy shows 
t h a t  t h e  e l e c t r o n i c  e x c i t e d  s t a t e s  do n o t  d i f f e r  
i n  symmetry t y p e  i n  t h e  two c a s e s .  Hence, i n  t h e  
c a s e  o f  p o r p h i n ,  t h e  t r a n s i t i o n s  a r e  n o t  f o r b i d d e n  
by symmetry. 

The n e c e s s i t y  of a d o p t i n g  a  p l a n a r  o s c i l l a t o r  a s  
t h e  model f o r  band I1 of  t h e  n e u t r a l  porphyr in  
molecules  i n d i c a t e s  t h e  p r e s e n c e  o f  two e q u a l l y -  
p r o b a b l e  t r a n s i t i o n s ,  -B3u and Alg-Bzu , r e -  
s p o n s i b l e  f o r  t h i s  band "'$ t h e  b a r  over  a  symbol 
i n d i c a t e s  a n  e l e c t r o n i c - v i b r a t i o n a l  wave f u n c t i o n ) .  
An a n a l y s i s  of t h e  d i r e c t  p roduc t s  f o r  t h e  symmetry 
groups  o f  D2h shows t h a t  such s t a t e s  can a r i s e  by 
e x c i t a t i o n  of v i b r a t i o n s  alg and @lg. Thus,  t h e  
e l e c t r o n i c  s p e c t r a  of t h e  porphyr ins  e x h i b i t  t h e  
t o t a l l y - s y m m e t r i c  v i b r a t i o n  a lg,  which does n o t  
change t h e  o s c i l l a t o r  d i r e c t i o n ,  and t h e  n o n t o t a l l y  
symmetric v i b r a t i o n  $ l g ,  which g i v e s  a  t r a n s i t i o n  
o r i e n t e d  p e r p e n d i c u l a r l y  t o  t h e  M t r a n s i t i o n .  

' The e q u a l i t y  of t h e  X- and Y-components of t h e  
e l e c t r o n i c - v i b r a t i o n a l  bands ( fo rmat ion  o f  a  p l a n a r  
o s c i l l a t o r ) ,  which is  observed e x p e r i m e n t a l l y ,  i n d i -  
c a t e s  t h a t  t h e s e  v i b r a t i o n s  a r e  mani fes ted  e q u a l l y  
i n  t h e  spectrum. 

However, a s  i s  known, t h e  a p p l i c a t i o n  of t h e  Franck- 
Condon p r i n c i p l e  t o  complex s p e c t r a  r e q u i r e s  t h e  
p r e f e r e n t i a l  appearance i n  t h e  spectrum of t h e  
t o t a l l y - s y m m e t r i c  v i b r a t i o n s .  To avoid  t h i s  con- 
t r a d i c t i o n ,  we must t a k e  i n t o  account  t h e  quas i -  
f o r b i d d e n  n a t u r e  o f  t h e  e l e c t r o n i c  t r a n s i t i o n s  i n  
t h e  porphyr in  molecules .  



The g r o u p - t h e o r e t i c a l  d i s c u s s i o n  g i v e n  above of t h e  
exper imenta l  f a c t s  pe rmi t s  us  t o  i n t e r p r e t  t h e  ab- 
s o r p t i o n  and luminescence s p e c t r a  of t h e  porphyr ins  
a s  fo l lows .  Bands I and IIL i n  t h e  a b s o r p t i o n  spec-  
trum belong t o  d i s t i n c t  e l e c t r o n i c  t r a n s i t i o n s .  
Bands I1 and I V  i n  t h e  a b s o r p t i o n  spec t rum and band 
II i n  t h e  emiss ion  spectrum correspond t o  e l e c t r o n i c  
v i b r a t i o n a l  t r a n s i t i o n s ,  w i t h  t h e  t o t a l l y - s y m m e t r i c  
and non to ta l ly - symmet r ic  v i b r a t i o n s  m a n i f e s t e d  t o  
an  equa l  e x t e n t  i n  t h e  spectrum. The diagram of 
l e v e l s  of t h e  porphyr in  molecules  h a s  t h e  form shown 
i n  F ig .  5 .  The S o r e t  band cor responds  t o  a  sepa-  
r a t e  e l e c t r o n i c  t r a n s i t i o n . "  

Next we s h a l l  d i s c u s s  i n  more d e t a i l  t h e  work by P l a t t .  F i g u r e  6 

shows t h e  s p e c t r a  o f  t h e  polyenes  a s  an  example o f  a  con juga ted  c h a i n .  

P l a t t  draws a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  o n l y  o r g a n i c  compounds t h a t  
0 

absorb  s t r o n g l y  between 2000 and 10,000A a r e  u n s a t u r a t e d .  The s t r o n g e s t  

a b s o r b e r s  c o n t a i n  long  con juga ted  c h a i n s ,  r i n g - c h a i n  sys tems ,  o r  sys -  

tems o f  a l t e r n a t i n g  s i n g l e  o r  double  bonds. The s p e c t r a  a r e  due 

p r i n c i p a l l y  t o  e x c i t a t i o n  o f  l o o s e l y  bound, u n s a t u r a t e d  e l e c t r o n s  o r  

n - e l e c t r o n s  of such systems.  I n  a  con juga ted  p u r e  hydrocarbon,  each  

ca rbon  atom b r i n g s  one such  e l e c t r o n  t o  t h e  system. These e l e c t r o n s  

a r e  l a r g e l y  r e s p o n s i b l e  f o r  t h e  chemical  r e a c t i v i t y  a s  w e l l  a s  f o r  t h e  

l i g h t  a b s o r p t i o n  of such sys tems ,  s i n c e  they  may b e  e x c i t e d  o r  removed 

from t h e  molecule  compara t ive ly  e a s i l y .  

P l a t t  t h e n  develops  t h e  s i m p l e s t  model p o s s i b l e ,  namely t h e  f r e e -  

e l e c t r o n  model. 





-4 k 
u a  a) cd a M 

U d 
u 3 0  
U m P, 
(d 
-( t - 4  a 
Pc h C  
- c  (d 

a, 
a s  k 
C  aa, 
a, u 
d raw l  
h -4 s 
Q n E  
W a3 s 

4 . 0  
m a, 

" d N 
V) - 
a, - 
C U @ J  
a , u c  
h a  a, 
d d U  
O b O  

Pc k 
a m 

u c u  
O ( d 1  

m 
(d V) 
k , n  - 
1J O n  
U  U a 3  
a, a *  
a- 
m-,-i 



THE FREE-ELECTRON MODEL 

(from John R. P l a t t ,  "Radiat ion Biology" 
Vol. 111, A .  Hol laender ,  E d i t o r )  

"The main f e a t u r e s  of t h e  s p e c t r a  a r e  accounted f o r  
i f  we assume t h a t  t h e  'IT-electrons a r e  simply con- 
f i n e d  t o  a  l i n e  runn ing  t h e  l e n g t h  of t h e  con juga ted  
system--whether s t r a i g h t  o r  z igzag  does n o t  much 
m a t t e r .  I f  t h o  atomic n u c l e i  a re  equwl'Ly spaced  
along t h i s  l i n e ,  t h e  p o t e n t i a l  f i e l d  i n  which t h e  
e l e c t r o n s  move w i l l  look something l i k e  t h e  lower 
l i n e  i n  F ig .  7 ,  w i t h  deep h o l e s  n e a r  every nu- 
c l e u s .  For s i m p l i c i t y ,  we may approximate  t h i s  
p o t e n t i a l  by t h e  one-dimensional "square w e l l "  
shown by t h e  s t r a i g h t  l i n e ,  w i t h  t h e  p o t e n t i a l  
c o n s t a n t  and e q u a l  t o  z e r o  a long  t h e  l i n e  and r is-  
i n g  t o  i n f i n i t y  a t  t h e  ends.  

I n  such a  p o t e n t i a l  w e l l  t h e  p e r m i s s i b l e  wave func- 
t i o n s  $ a r e  s i n e  f u n c t i o n s ,  v a n i s h i n g  a t  t h e  ends 
of t h e  t r o u g h :  

nllx 
+ n  = Jt s i n  - L '  n = 1 , 2 , 3 ,  .., 

where L is  t h e  l e n g t h  of t h e  t rough  and x  i s  t h e  
d i s t a n c e  measured from one end.  The normal iza-  
t i o n  f a c t o r  t h a t  m u l t i p l i e s  t h e  s i n e  f u n c t i o n  i s  
chosen s o  t h a t  t h e  i n t e g r a l  o f  t h e  e l e c t r o n  den- 
s i t y  ( t h e  s q u a r e  of t h e  wave f u n c t i o n )  over  t h e  
l e n g t h  of t h e  t r o u g h ,  

w i l l  be u n i t y .  

The lowest  wave f u n c t i o n  has  a  wavelength  A = 2L, 
w i t h  no nodes i n  t h e  t r o u g h ;  t h e  nex t  has  X = 2L/2,  
w i t h  one node; t h e  n t h  has  X = 2L/n, w i t h  n  - 1 
nodes;  and s o  o n ,  l i k e  t h e  o s c i l l a t i o n s  of a  v i b r a -  
t i n g  s t r i n g .  

O r b i t a l  E n e r g i e s .  The e n e r g i e s  of t h e s e  o r b i t a l s  a r e  
determined by t h e  d e  B r o g l i e . r e l a t i o n  between e l e c -  
t r o n  momentum mvn and wavelength ,  



Figure  7 .  Free-Electron O r b i t a l s ,  Energ ies ,  and 
Trans i t i ons  f o r  Hexatriene 



where m i s  t h e  e l e c t r o n  mass and h i s  P l a n c k ' s  
c o n s t a n t .  Th i s  r e l a t i o n  f i x e s  t h e  e l e c t r o n  
v e l o c i t y  v . and t h e  energy En i s  t h e n  

n  ' 

The energy varies  q u a d r a t i c a l l y  w i t h  n. 

I f  we assume t h a t  t h e  l e n g t h  L f o r  a  c o n j u g a t e d  
c h a i n  of N atoms i s  Nd, where d  i s  t h e  average  
i n t e r a t o m i c  d i s t a n c e ,  t h e n  

The second e x p r e s s i o n  g i v e s  t h e  energy i n  wave 
numbers i f  d  i s  1 . 4 0  A- t h e  a v e r a g e  C--C d i s t a n c e  
i n  a c o n j u g a t e d  system. 

The P a u l i  p r i n c i p l e  s p e c i f i e s  t h a t  on ly  two e l e c -  
t r o n s ,  of  o p p o s i t e  s p i n ,  may occupy each o r b i t a l .  
For a  po lyene  where t h e r e  a r e  N l l - e l e c t r o n s  i n  
t h e  l o w e s t  p o s s i b l e  energy s t a t e ,  they  t h e n  f i l l  
up t h e  lowes t  N/2 o r b i t a l s  (N i s  even) .  The energy 
r e q u i r e d  t o  l i f t  an  e l e c t r o n  from t h e  h i g h e s t  
f i l l e d  o r b i t a l  t o  t h e  lowes t  u n f i l l e d  o r b i t a l  
becomes 

T h i s  shou ld  r e p r e s e n t  approx imate ly  t h e  energy of 
t h e  f i r s t  s p e c t r o s c o p i c  t r a n s i t i o n .  For long c h a i n s  
i t  s h o u l d  v a r y  a s  1 / N .  Note t h e  absence  of  a d j u s t -  
a b l e  pa ramete r s .  Values p r e d i c t e d  by t h i s  formula 
a r e  g i v e n  by t h e  s l a n t e d  " t h e o r e t i c a l "  l i n e  i n  F ig .  6 



f o r  comparison w i t h  t h e  observed f i r s t  t r a n s i t i o n s  
(marked IB) . The p r e d i c t e d  wavelengths a r e  about  
r i g h t  f o r  bu tad iene .  The p r e d i c t i o n s  g e t  poore r  
w i t h  i n c r e a s i n g  wavelength ,  v a r y i n g  about t w i c e  a s  
f a s t  w i t h  N a s  observed.  

The f requency v of t h e  quantum-mechanical absorp-  
t i o n  i s  g i v e n  by 

The cor responding  cla~sicak~electroma~netic absorp-  
t i o n  f requency of a d i p o l e  an tenna  of t h e  same 
l e n g t h  a s  t h e  molecule  i s  g i v e n  by 

where c is  t h e  v e l o c i t y  of l i g h t .  Th i s  f requency 
i s  lower t h a n  t h e  f requency determined from Eqs. 6 
and 7 by a f a c t o r  h/4mcd, o r  about  11230. Th is  s i m -  
p l y  means t h a t  t h e  v e l o c i t i e s  of t h e  e l e c t r o n s  t h a t  
c a r r y  t h e  quantum-mechanical o s c i l l a t i o n  a r e  s m a l l e r  
by t h i s  f a c t o r  t h a n  t h e  e lect romagnet ic-wave v e l o c -  
i t y ,  t h e  speed o f  l i g h t .  The wavelength  absorbed 
is  t h e r e f o r e  n o t  2L, a s  i t  would b e  c l a s s i c a l l y ,  
b u t  about  

Th is  l i n e a r  r e l a t i o n  between wavelength and molec- 
u l a r  l e n g t h  i s  f a r  from e x a c t  i n  t h e  p o l y e n e s ,  
b u t  i t  h e l p s  u s  unders tand  t h e  approximately  con- 
s t a n t  wavelength s h i f t s  in t roduced  by add ing  add i -  
t i o n a l  u n i t s  t o  a con juga ted  c h a i n .  

The second a b s o r p t i o n  f requency of a polyene w i l l  
b e  determined by t h e  energy jump t h a t  i s  shown by 
a dashed l i n e  i n  F ig .  7.  Th i s  cor responds  t o  t h e  
a b s o r p t i o n  r e g i o n s  marked 1~ i n  F i g .  6.  

Allowed and Forbidden T r a n s i t i o n s .  The lowes t  ab- 
s o r p t i o n  f requency i s  "allowed, " b u t  t h e  second 
lowest  f requency i s  " forbidden" i f  t h e  con juga ted  
system i s  t r u l y  a s t r a i g h t  l i n e  o r  even i f  i t  has  
a "cen te r  of symmetry," a s  i t  would have i n  a 
polyene i n  t h e  z i g z a g  t r a n s ,  t r a n s ,  . . . ,  t r a n s  
form. 



These terms have t h e  fo l lowing  s i g n i f i c a n c e :  For 
any molecule w i t h  a  c e n t e r  of symmetry, t h e r e  a r e  
two c l a s s e s  of wave f u n c t i o n s ,  "even" and "odd. " 
Even f u n c t i o n s  a r e  g i v e n  by odd v a l u e s  of t h e  
i n t e g e r  n  i n  Eqs. E t o  4 .  Such a  f u n c t i o n  $ i s  
e x a c t l y  equa l  t o  i t s e l f  when r e f l e c t e d  i n  t h e  cen- 
Eer of t h e  molecule .  The odd f u n c t i o n s  a r e  g i v e n  
by even n  i n  Eqs. 1 t o  4 .  I n  them $ i s  changed 
i n t o  i t s  negar ive  on r e f l e c t i o n  i n  t h e  c e n t e r ;  i t  
t h e r e f o r e  has  a  node a t  t h e  c e n t e r  and v a n i s h e s  
t h e r e .  (We n e g l e c t  h e r e  t h e  a d d i t i o n a l  node i n  
the p l a n e  o f  t h e  molecule common ta a l l  a r b i t a l e . )  

Now, t h e  " o s c i l l a t o r  s t r e n g t h "  of a  t r a n s i t i o n  can  
be  found e x p e r i m e n t a l l y  from t h e  i n t e g r a t e d  absorp-  
t i o n  i n t e n s i t y ,  

where e v  i s  t h e  observed molar e x t i n c t i o n  a s  a  
f u n c t i o n  of t h e  f requency v  i n  wave numbers. Th i s  
q u a n t i t y  i s  p r e d i c t e d  t h e o r e t i c a l l y  by t h e  expres -  
s i o n  

where Q i s  t h e  " t r a n s i t i o n  m a t r i x  e lement"  f o r  one 
e l e c t r o n  t o  jump from s t a t e  n  t o  s t a t e  m: 

= Scnxtrn d ~  (x-component) , Qx , nm (12) 

where x  i s  t h e  c o o r d i n a t e  measured from t h e  c e n t e r  
of t h e  mo,lecule i n  angstroms and dT i s  t h e  volume 
element o f  i n t e g r a t i o n .  

The components of Qn a l l  v a n i s h  when bo th  t n  and 
q m  a r e  even o r  when%oth a r e  odd, and t h e  t r a n s i -  
t i o n  i s  t h e n  "forbidden1 '  (Lapor te  r u l e )  . A c t u a l l y  
i n  a  polyatomic molecule  t h e r e  i s  enough v i b r a -  
t i o n a l  motion s o  t h a t  t h e  c e n t e r  o f  symmetry i s  no t  
p rese rved .  As a  r e s u l t ,  t h e  t r a n s i t i o n s  t h a t  a r e  
b e l i e v e d  t o  be  of t h i s  fo rb idden  t y p e  may s t i l l  be  
s e e n ,  b u t  they  a r e  on ly  about o n e - f i f t h  a s  s t r o n g  a s  
t h e i r  "allowed" c o u n t e r p a r t s ,  which a r e  t r a n s i t i o n s  
between even and odd o r b i t a l s .  



I n t e n s i t i e s ,  P o l a r i z a t i o n s ,  and Molecular  Configu- 
r a t i o n s .  On i n s e r t i o n  of t h e  f r e e - e l e c t r o n  polyene 
$ - f u n c t i o n s  i n t o  t h e  e x p r e s s i o n  f o r  Q ,  i t  w i l l  b e  
found t h a t  Q i s  l a r g e s t  f o r  n  - m / = 1 ,  i . e . ,  f o r  
t h e  lowest  a l lowed t r a n s i t i o n ,  and t h a t  t h e  o s c i l -  
l a t o r  s t r e n g t h  f a l l s  o f f  approx imate ly  a s  1/ln - m 1 
f o r  t h e  h i g h e r  a l lowed t r a n s i t i o n s .  

For polyenes  of d i f f e r e n t  l e n g t h s ,  Q f o r  t h e  f i r s t  
a l lowed t r a n s i t i o n  shou ld  be  p r o p o r t i o n a l  t o  t h e  
l e n g t h ,  and f  t o  V Q ~ ,  b u t  s i n c e  v  v a r i e s  approx- 
ima te ly  i n v e r s e l y  w i t h  t h e  l e n g t h ,  f  i s  a l s o  ap- 
proximately proportional. to the length. T h i s  was 
one of  t h e  f i r s t  e m p i r i c a l  c o n c l u s i o n s  from t h e  
compara t ive  s t u d y  of  polyenes  (Hausser  e t  a l ,  1935; 
Smakula, 1934) .  The wid th  of  t h e  f i r s t  po lyene  ab- 
s o r p t i o n  r e g i o n  i s  approx imate ly  c o n s t a n t ,  and 
emax i s  t h e r e f o r e  a l s o  approx imate ly  p r o p o r t i o n a l  
t o  t h e  l e n g t h .  

I n t e n s i t y  p r e d i c t i o n s  by t h e  LCAO method (Mul l iken 
and Rieke ,  1941) a r e  t o o  l a r g e ,  b u t  t h e i r  r e l a t i v e  
v a l u e s  f o r  d i f f e r e n t  molecu les  a r e  a c c u r a t e .  Pre-  
d i c t i o n s  u s i n g  t h e  f r e e - e l e c t r o n  model appear  t o  
.be a c c u r a t e  b o t h  a b s o l u t e l y  and r e l a t i v e l y  ( B a y l i s s  
1948,  1952; Kuhn, 1948b; Simpson, 1948).  The low 
a l lowed  t r a n s i t i o n s  of l l - e l e c t r o n s  i n  extended 
polyenes  shou ld  b e ,  and a p p a r e n t l y  a r e ,  p o l a r i z e d  
a l o n g  t h e  x - a x i s ;  

i . e . ,  QY = Qz 
= 0 .  

I f  t h e  po lyene  h a s  one c i s  l i n k  i n  t h e  m i d d l e ,  s o  
t h a t  i t  i s  doubled back on i t s e l f  l i k e  a  h a i r p i n ,  
t h e s e  i n t e n s i t y  r e l a t i o n s  a r e  changed.  The f i r s t  
t r a n s i t i o n  shou ld  become weaker and be  p o l a r i z e d  
on a  l i n e  from one t i p  of  t h e  molecu le  t o  t h e  o t h e r .  
The second ,  i n s t e a d  of  b e i n g  f o r b i d d e n ,  may become 
s t r o n g e r  t h a n  t h e  f i r s t  and w i l l  b e  p o l a r i z e d  a long  
t h e  a x i s  of  t h e  h a i r p i n .  

T h i s  b e h a v i o r  may be observed i n  go ing  from t h e  
spec t rum o f  b u t a d i e n e  t o  t h a t  of  cyclohexadiene ' ,  
where t h e  con juga ted  sys tem i s  doubled back on 
i t s e l f  i n  t h i s  way (Mul l iken ,  1939) .  It was a l s o  
s e e n  i n  t h e  c i s - t r a n s  isomerism o f  l o n g e r  c h a i n s  
by Zechmeis ter  and P o l g a r  (1943) ,  Sandoval and 
Zechmeis ter  (1947) , and P inckard  e t  a 1  (1948) . 
These a u t h o r s  c a l l e d  t h e  t r a n s i t i o n  d e s i g n a t e d  a s  

i n  F ig .  6 t h e  " c i s  band" because  o f  i t s  



s t r e n g t h  i n  t h i s  molecular  c o n f i g u r a t i o n .  Tile i n -  
c r e a s e  of i n t e n s i t y  o,f a t r a n s i t i o n  i n  t h e  c i s  
form i s  the11 an e x c e l l e n t  c r i t e r i o n  f o r  t h e  a s s i g n -  
ment of t h i s  t r a n s i t i o n  t o  t h e  f o r b i d d e n  c l a s s  i n  
t h e  t r a n s  form; t h e  l o s s  of i n t e n s i t y ,  f o r  i t s  
assignment a s  a l lowed .  Of c o u r s e ,  two c i s  bonds 
i n  a  molecu le ,  i f  p r o p e r l y  p l a c e d ,  may r e s t o r e  i t s  
c e n t e r  of symmetry and make t h e  IC t r a n s i t i o n  f o r -  
b idden a g a i n ,  a s  Zechmeis ter  found i n  s e v e r a l  c a s e s .  
It i s  i l l u m i n a t i n g  t o  compare h i s  f i n e  c l a s s i c a l  
i n t e r p r e t a t i o n  o f  t h e  s p e c t r a  (1944) w i t h  i t s  quan- 
tum-mechanical c o u n t e r p a r t  a s  g iven  Ilere.  

The a l t e r n a t i n g  maxima and minima form a  f r e e -  
e l e c t r o n  c o u n t e r p a r t  t o  t h e  a l t e r n a t i n g  s i n g l e  and 
double  bonds i n  t h e  s i m p l e s t  c l a s s i c a l  v a l e n c e -  
bond diagram. Kuhn (1950) g i v e s  s e v e r a l  examples.  
The average  d i s t a n c e  between maxima, o r  between 
minima, i s  j u s t  2 d ,  and t h e  maxima a r e  l o c a t e d  i n  
t h e  c e n t e r  o f  t h e  c l a s s i c a l  double  bonds .  The 
a l t e r n a t i o n  becomes l e s s  marked w i t h  i n c r e a s i n g  N 
and is  l e s s  marked i n  t h e  c e n t e r  of t h e  po lyene  
than  a t  t h e  ends .  The maxima and minima, from t h e  
p r e s e n t  p o i n t  of  v iew,  depend on t h e  wave c h a r a c t e r  
of  e l e c t r o n s ,  j u s t  a s  do t h e  maxima and minima o f  
d i f f e r e n t  atomic s h e l l s  i n  t h e  r a d i a l  e l e c t r o n  den- 
s i t i e s  f o r  an  atom. The r e l a t i o n  of  t h e s e  po lyene  
d e n s i t y  a l t e r n a t i o n s  t o  t h e  c l a s s i c a l  bond diagrams 
i s  t h e n  something l i k e  t h e  r e l a t i o n  between t h e  
p o s i t i o n s  of  maximum d e n s i t y  i n  atoms and t h e  Bohr 
c l a s s i c a l  o r b i t  r a d i i .  

The e f f e c t  of  h i g h  e l e c t r o n  d e n s i t y  a t  p a r t i c u l a r  
p o i n t s  i n  t h e  polyenes  i s  t o  a t t r a c t  t h e  neighbor-  
ing  n u c l e i ,  producing a  s h o r t e r  bond l e n g t h  and 
h i g h e r  f o r c e  c o n s t a n t .  Low d e n s i t y  h a s  t h e  oppo- 
s i t e  e f f e c t ,  s o  t h a t  an  a l t e r n a t i o n  of  e l e c t r o n  
d e n s i t i e s  i m p l i e s  an  a l t e r n a t i o n  of bond l e n g t h s  
and f o r c e  c o n s t a n t s .  Th i s  a l t e r n a t i o n  i s  w e l l  
known from t h e  c l a s s i c a l  valence-bond t r e a t m e n t ,  
a s  w e l l  a s  e x p e r i m e n t a l l y  from X-ray d i f f r a c t i o n  
and i n f r a r e d  a n a l y s i s .  

But from t h e  p r e s e n t  p o i n t  of view i t  cou ld  be s a i d  
t h a t  t h e  a l t e r n a t i n g  bond l e n g t h s  g i v e  d i r e c t  e v i -  
dence of  t h e  wave c h a r a c t e r  of  e l e c t r o n s - - a l m o s t  a s  
d i r e c t  a s  t h e  Uavisson-Germer exper iment  on t h e  
d i f f r a c t i o n  of e l e c t r o n s  from a  c r y s t a l .  The a l t e r -  
n a t i o n  o f  bond l e n g t h s  shows t h e  p r e s e n c e  of  s t a n d -  
i n g  waves produced by t h e  i n t e r n a l  i n t e r f e r e n c e  of  
e l e c t r o n  waves r e f l e c t e d  from t h e  ends of  t h e  molecu le ,  



Kuhn (1950) has  shown how t o  c o r r e c t  t h e  e r r o r s  
of t h e  polyene f requency p r e d i c t i o n s  by i n t r o d u c -  
i n g  an a l t e r n a t i o n  of p e r i o d  2d i n t o  t h e  square -  
w e l l  p o t e n t i a l ,  as shown i n  Fig .  8 ,  u s i n g  deeper  
minima n e a r  t h e  c l a s s i c a l  doub le  bonds,  where t h e  
n u c l e i  a r e  c l o s e r  t o g e t h e r .  

The e f f e c t  of t h i s  p e r i o d i c  p e r t u r b a t i o n  on f r e e -  
e l e c t r o n  and LCAO o r b i t a l  e n e r g i e s  i n  molecu les ,  
j u s t  a s  i n  m e t a l s  ( S e i t z ,  1940; B r i l l o u i n ,  1 9 4 6 ) ,  
i s  t o  e n l a r g e  t h e  energy gap between t h e  o r b i t a l s  
of wavelengths  of more t h a n  4d and t h o s e  of wave- 
l~sngt l in  OF l e s s  khan 4 d .  I n  the language of rn6t;al 
t h e o r y ,  t h e  p e r i o d i c i t y  i n t r o d u c e s  a  B r i l l o u i n  
boundary between t h e  f i r s t  and second B r i l l o u i n  
zones.  But t h i s  e n l a r g e d  gap i s  j u s t  t h e  energy 
gap cor responding  t o  t h e  f i r s t  t r a n s i t i o n ,  s o  t h a t  
t h i s  t r a n s i t i o n  can now b e  a t  h i g h e r  f r e q u e n c i e s  
t h a n  was p r e d i c t e d  by t h e  s imple  square -wel l  po- 
t e n t i a l ,  and i t  f i t s  t h e  o b s e r v a t i o n s  b e t t e r .  

EMISSION OF LIGHT 

The emiss ion  of l i g h t  by an  e x c i t e d  molecule  i s  a  
p r o c e s s  t h e  r e v e r s e  o f  t h e  a b s o r p t i o n  p r o c e s s .  It 
seems t o  b e  c o n t r o l l e d ,  a s  t h e  a b s o r p t i o n  i s  n o t ,  
by t ime-cons tan t  c o n s i d e r a t i o n s .  An e n e r g y - l e v e l  
diagram of a  t y p i c a l  polyene i s  shown i n  F ig .  9 .  
Between any two s t a t e s  t h e  i n t e n s i t y  of emiss ion  
i s  p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  of a b s o r p t i o n .  
By quantum-mechanical laws t h e  t ime r e q u i r e d  t o  
emit  a  photon i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  i n -  
t e n s i t y  of emiss ion  and t h e r e f o r e  t o  t h e  i n t e n s i t y  
of a b s o r p t i o n .  

Time Cons tan t s .  E m p i r i c a l l y ,  f o r  hydrocarbons ,  
t h e  t ime c o n s t a n t  7 i n  seconds  i s  g iven  approx- 
imate ly  by 10-4 /~maxe  " Thus,  al lowed s i n g l e t -  
s i n g l e t s ,  w i t h  c o f  t h e  o r d e r  of 100,000,  have 
a  T of about  10-ya:ec. Forbidden s i n g l e t - s i n g l e t s ,  
w i t h  cmax about  10,000 ( i n  p o l y e n e s ) ,  have a  T of 
about 10-8 s e c .  For a  s t r o n g  s i n  l e t - t r i p l e t ,  w i t h  
Emax about  1, 7 w i l l  be  about  10-8 s e c .  These 
emiss ions  a r e  i n d i c a t e d  by t h e  s o l i d  v e r t i c a l  l i n e s  
i n  F ig .  9.  ! 



Figure 8. Free-Electron Potential with Kuhn 
Periodicity from Alternating Double 
and Single Bonds 



F i g u r e  9 .  Emission of l i g h t  by e x c i t e d  o r g a n i c  m o l e c u l e s ,  lowest  
e x c i t e d  s t a t e s ,  B t y p e .  S o l i d  l i n e s ,  r a d i a t i o n ;  dashed 
l i n e s ,  r a d i a t i o n l e s s ;  h e a v i e s t  l i n e s ,  most p r o b a b l e  r o u t e .  
T y p i c a l  t ime  c o n s t a n t s  f o r  each t y p e  of  energy jump a r e  
g iven  a s  t o  o r d e r  of  magni tude,  i n  s e c o n d s ,  f o r  s o l u t i o n  
i n  v i s c o u s  l i g h t - a t o m  s o l v e n t s  o r  g l a s s e s  a t  low temper- 
a t u r e .  F i g u r e s  i n  p a r e n t h e s e s  a r e  p o s s i b l e  v a l u e s  under  
the rmal  quenching a t  room t e m p e r a t u r e .  F i g u r e s  i n  b r a c k e t s  
a r e  p o s s i b l e  v a l u e s  i n  t h e  p r e s e n c e  of heavy a toms,  a s  i n  
iodoform s o l u t i o n .  
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O s c i l l a t o r  s t r e n g t h s  a r e  of  more t h e o r e t i c a l  
s i g n i f i c a n c e  t h a n  e x t i n c t i o n  c o e f f i c i e n t s .  They 
a r e  r e l a t e d  t o  t h e  i n t r i n s i c  t ime c o n s t a n t s  a s  
f o l l o w s  : 

2 
f 7  = 1 .5 /v  f o r  f l u o r e s c e n c e  

F;: 2 x  s e c  n e a r  3500 A ;  

and 

f 7  4 .  5 / v Z  f o r  phosphorescence 

x s e c  n e a r  5000 A. 

But photon emiss ion  must compete w i t h  o t h e r  p r o c -  
e s s e s .  One such p r o c e s s  i s  r a d i a t i o n l e s s  t r a n s i -  
t i o n  between e x c i t e d  s i n g l e t s ,  t h e  r e s u l t  of  t h e  
c r o s s i n g  of  t h e i r  p o t e n t i a l  c u r v e s ,  which we have 
n o t  d i s c u s s e d  h e r e  (Franck-grid Sponer , 1948).  Such 
t r a n s i t i o n s  a r e  i n d i c a t e d  by dashed l i n e s  i n  F ig .  
9 .  I n  t h e s e  a  v i b r a t i o n a l  d i s t o r t i o n  of t h e  mole- 
c u l e  may pe rmi t  it t o  go from one e x c i t e d  s t a t e  by 
easy  s t a g e s  i n t o  a n o t h e r  i n  t imes  of  t h e  o r d e r  of  
a  few v i b r a t i o n  p e r i o d s ,  s a y ,  10-12 - 10-13 s e c .  
To go from s i n g l e t  t o  t r i p l e t  by t h i s  p r o c e s s  i s  
more d i f f i c u l t , , s i n c e  one o f  t h e  e l e c t r o n  s p i n s  
must r e v e r s e  i t s e l f  a t  t h e  same t ime.  The t ime  
f o r  t h i s  p r o c e s s  i n  a  hydrocarbon i s  more l i k e  
10-7 s e c .  

The s i n g l e t - s i n g l e t  r a d i a t i o n l e s s  p r o c e s s  i s  much 
f a s t e r  t h a n  photon e m i s s i o n  o r  s i n g l e t - t r i p l e t  
r a d i a t i o n l e s s  t r a n s i t i o n s .  As a  r e s u l t ,  t h e  mole- 
c u l e  cascades  d i r e c t l y  down f r o m . t h e  h i  h e r  e x c i t e d  
s i n g l e t s  t o  t h e  f i r s t  one  i n  a b o u t ,  10-15 s e c  o r  l e s s  
w i t h o u t  l i g h t  emiss ion .  T h i s  c a s c a d e  i n t e r n a l l y  
quenches t h e  f l u o r e s c e n c e  t h a t  might o t h e r w i s e  have 
been  expec ted  from t h e s e  h i g h e r  s t a t e s .  

The f i r s t  e x c i t e d  s t a t e  i s  s u f f i c i e n t l y  f a r  above 
t h e  ground s t a t e  i n  most c a s e s  s o  t h a t  t h e  r a d i a -  
t i o n l e s s  p r o c e s s  becomes un impor tan t .  The molecu le  
may t h e n  go from t h i s  s t a t e  t o  t h e  ground s t a t e  by 
f l u o r e s c e n c e  (F i n  F i g .  9 )  i n  10-9 s e c .  O r  i t  may 
o c c a s i o n a l l y  go t o  t h e  lowes t  t r i p l e t  i n  10-7 s e c  
and from t h e r e  t o  t h e  ground s t a t e  by phosphorescence 
(P) i n  10-4 s e c  (Lewis and Kasha,  1944).  



. Another t y p e  of e x t e r n a l  quench- 
i n g  which has  r e c e i v e d  much a t t e n t i o n  l a t e l y  i s  t h e  
r a d i a t i o n l e s s  t r a n s f e r  of energy from one e x c i t e d  
molecule  t o  a n o t h e r  t h a t  h a s  a  lower-energy e x c i t e d  
c o n f i g u r a t i o n  (Bowen, 1938; Kallmann and F u r s t ,  
1950; Franck and L i v i n g s t o n ,  1949; F g r s t e r ,  1951; 
Moodie and Re id ,  1952).  I n  mix tures  t h e  l i g h t  
emiss ion  may come almost  e x c l u s i v e l y  from t h e  molec- 
u l a r  s p e c i e s  t h a t  has  t h e  lowest  f l u o r e s c e n t  o r  
phosphorescent  s t a t e ,  a p p a r e n t l y  even when t h e  con- 
c e n t r a t i o n  o f  t h i s  s p e c i e s  i s  on ly  a  f r a c t i o n  o f  a  
p e r c e n t ,  and r e g a r d l e s s  of what o t h e r  s p e c i e s  has  
a c t u a l l y  absorbed t h e  l i g h t  i n i t i a l l y .  

Th i s  " s e n s i t i z e d  f l u o r e s c e n c e "  i s  a  s u b t l e  s o u r c e  
o f  e r r o r  i n  luminescence measurements. Correspond- 
i n g l y  i t  may be o f  g r e a t  importance i n  f l u o r e s c e n c e  
and quenching and i n  energy t r a n s f e r  between mole- 
c u l e s  o r  unconjugated p a s t s  o f  molecu les  i n  b i o -  
l o g i c a l  sys tems.  

Most e x c i t e d  polyene molecules  t h e r e f o r e  spend a  
long  t i m e ,  perhaps  10-9 s e c ,  i n  t h e  f i r s t  e x c i t e d  
s i n g l e t  s t a t e ,  and s e c  o r  more i n  t h e  t r i p l e t  
s t a t e  i f  an  a p p r e c i a b l e  f r a c t i o n  o f  them g e t  i n t o  
t h i s  s t a t e .  These t imes  a r e  l o n g ,  i. e .  , by com- 
p a r i s o n  w i t h  t h e  t ime  needed t o  e x e c u t e  molecu la r  
v i b r a t i o n s ,  r ea r rangement ,  o r  d i s s o c i a t i o n ,  o r  
r o t a t i o n s  o r  Brownian motions and c o l l i s i o n s  l ead-  
i n g  t o  chemical  r e a c t i o n s .  The e x c i t a t i o n  energy 
i s  a l s o  ample f o r  many c h e m i c a l . e f f e c t s ,  50 k c a l /  
mole o r  more f o r  v i s i b l e  a b s o r p t i o n ,  and e f f e c t s  
a r e  e a s i l y  produced f o r  which t h e  e l e c t r o n  d e n s i t y  
d i s t r i b u t i o n  i n  t h e  e x c i t e d  s t a t e  i s  f a v o r a b l e .  

An e s p e c i a l l y  i n t e r e s t i n g  photochemical  e f f e c t  is  
t h e  p h o t o i s o m e r i z a t i o n  o f  po lyenes ,  a s  d e s c r i b e d  
i n  t h e  c l a s s i c  s t u d i e s  o f  Zechmeister  and Po lgar  
(1943) on c a r o t e n e s  and i n  t h o s e  of Zechmeis ter  
and co-workers on d iphenyl  b u t a d i e n e s  (Sandoval 
and Zechrneister ,  1947; P inckard  e t  a l . ,  1948). 



R I N G - C H A I N  SYSTEMS 

There i s  a  resemblance between polyenes  and phenyl 
c h a i n  sys tems ,  i n c l u d i n g  phenyl p o l y e n e s ,  d ipheny l  
po lyenes ,  and p-polyphenyls  ( P l a t t ,  1951a) .  For 
every  r i n g  i n  such  sys tems t h e r e  i s  one f i l l e d  
o r b i t a l  v  and one empty o r b i t a l  w o f  a  s p e c i a l  type .  

The remaining o r b i t a l s  a r e  independent  of  t h e s e  
o r b i t a l s  and a r e  c a l l e d  "polyene t y p e , "  s i n c e  they  
a r e  j u s t  t h e  same i n  numbsz as  t hc  o r b i t a l s  o f  a 
s imple  polyene o f  t h e  same l e n g t h ,  and each o r b i t a l  
resembles  c l o s e l y  i t s  po lyene  c o u n t e r p a r t  i n  i t s  
symmetry and number of  nodes ,  e l e c t r o n  d i s t r i b u -  
t i o n ,  and energy.  I n  computing t h e  l e n g t h  o f  t h e  
e q u i v a l e n t  p o l y e n e ,  each phenyl coun t s  a s  f o u r  
atoms. The o r b i t a l  s i m i l a r i t y  accoun t s  f o r  t h e  
s i m i l a r i t y  of  t h e  long-wavelength  s p e c t r a  o f  t h e  
polyenes  t o  t h o s e  of  phenyl  c h a i n s ,  which was one 
of  t h e  e a r l i e s t  i m p o r t a n t  r e s u l t s  o f  s p e c t r a l  
compar isons .  

S u b s t i t u t i o n  o f  a  v i n y l  group on t h e  s i d e  o f  a  
po lyene  t o  make a  phenyl  r i n g  t h e n  does n o t  much 
a f f e c t  t h e  long-wavelength  spect rum of  t h e  polyene.  
Such s p e c t r a l  s t a b i l i t y  i s  f r e q u e n t l y  obse rved  i n  
l a r g e  con juga ted  s y s t e m s ,  p rov ided  t h e  s m a l l e r  
sys tems t h a t  a r e  added a r e  a t  t h e  s i d e  o f  t h e  l a r g e  
one and n o t  a t  t h e  end. 

T r a n s i t i o n s  among t h e  po lyene  o r b i t a l s ,  f - g ,  e - g ,  
e t c . ,  w i l l  b e  p o l a r i z e d  approximate ly  a l o n g  t h e  
l e n g t h  of t h e  molecu le  i f  i t  i s  i n  t h e  a l l - t r a n s  
c o n f i g u r a t i o n  o r  i s  a s  extended a s  p o s s i b l e .  Tran- 
s i t i o n s  between t h e  v i n y l  o r b i t a l s ,  v-'w, 1~ - I H ,  
e t c . ,  w i l l  b e  p o l a r i z e d  i n  approx imate ly  t h e  same 
d i r e c t i o n - - a l o n g  t h e  1 , 4  axes  of  t h e  r i n g s .  

T r a n s i t i o n s  between t h e  two groups  of  o r b i t a l s ,  
v - g ,  IA - IG,  e t c .  , w i l l  be  p o l a r i z e d  i n  t h e  p l a n e  
of  t h e  r i n g s  b u t  p e r p e n d i c u l a r  t o  t h e  1 , 4  a x e s .  
They w i l l  b e  weak, s i n c e  t h e  v - o r b i t a l  i s  l o c a l i z e d ,  
whereas t h e  polyene o r b i t a l s  a r e  s p r e a d  o u t .  They 
w i l l  move t o  t h e  r e d  on ly  about  h a l f  a s  f a s t  w i t h  
i n c r e a s i n g  c h a i n  l e n g t h  a s  t h e  f - g  o r b i t a l s .  T h i s  
i s  t h e  r e a s o n  t h a t  t h e  f i r s t  t r a n s i t i o n  i n  benzene 
and s t y r e n e ,  which i s  presumed t o  be  of  t h e  v-g 



.** 

t y p e , "  becomes hidden by the_-stronger f - g  t r a n s i -  
t i o n  i n  t h e  longer  molecu1,es phenyl b u t a d i e n e  and 
b iphenyl .  No v-g t r a n s i t i o n s  have been i d e n t i f i e d  
i n  longer  r i n g - c h a i n  sys tems ;  low-temperature  
s t u d i e s  a r e  needed. 

Some s t r o n g  a b s o r p t i o n s  t h a t  d i d  n o t  move much w i t h  
i n c r e a s i n g  c h a i n  l e n g t h  were found i n  phenyl poly-  
enes  by Smakula ( d 9 3 4 )  n e a r  2000A. These may be  t h e  
v-w t r a n s i t i o n s ,  I A - ~ H .  

The c o n c l u s i o n s  reached  h e r e  about  t h e  c l a s s i f i c a -  
t i o n  and sequence of t r a n s i t i o n s  i n  r i n g  c h a i n s  do 
n o t  depend on t h e  l o c a t i o n  o f  t h e  r i n g s  a long t h e  
cha in .  Thus t h e  IT-elect ron t r a n s i t i o n s  i n  quinone 
a r e  a lmost  i d e n t i c a l  w i t h  t h o s e  i n  s t y r e n e ,  which 
h a s  t h e  same c h a i n  l e n g t h ;  quinone,  of c o u r s e ,  h a s  
a d d i t i o n a l  weak n-g t r a n s i t i o n s  a t  long  wave leng ths ,  
from t h e  oxygen nonbonding e l e c t r o n s .  

Analogues of phenyl c h a i n s ,  i n  which t h e  benzene 
r i n g s  a r e  r e p l a c e d  by th iophene  o r  p y r r o l e  r i n g s ,  
w i l l  have s i m i l a r  s p e c t r a ,  excep t  where f o r b i d d e n  
t r a n s i t i o n s  i n  a  symmetr ical  phenyl compound may 
be  enhanced by t h e  l o s s  of symmetry ( s e e  Sease  and 
Zechmeis ter  (1947) on p o l y t h i e n y l s )  . 
Naphthyl c h a i n  sys tems seem not  t o  have been ex- 
amined t h e o r e t i c a l l y ,  bu t  i t  seems l i k e l y  t h a t  t h e  
r e s u l t  w i l l  be  s i m i l a r :  When t h e  c h a i n  becomes 
l o n g e r  t h a n  t h e  naph thy l  group i t s e l f ,  t h e  long- 
wavelength  s p e c t r a  w i l l  b e g i n  t o  have predominant ly  
polyene c h a r a c t e r .  

PORPHYRINS 

A f t e r  t h e  p o l y e n e s ,  t h e  porphyr ins  open up new.. 
v i s t a s  of s o p h i s t i c a t i o n  and i n t e r e s t .  These com- 
pounds comprise  

>k 
It would n o t  be t h e  f i r s t  t r a n s i t i o n  excep t  t h a t  
i t  i s  pushed t o  long wavelengths  (and made weak, 
i n  benzene) by e l e c t r o n  i n t e r a c t i o n  ( P l a t t ,  1950,  
1951a) between t h e  c o n f i g u r a t i o n s  we a r e  h e r e  
c a l l i n g  f g  and vw (which would b e  d e g e n e r a t e  i n  
benzene) .  A  s i m i l a r  i n t e r a c t i o n  seems t o  occur  
i n  p o r p h i n ,  d e s c r i b e d  l a t e r  i n  t h i s  c h a p t e r .  



1. The t r u e  p o r p h y r i n s ,  which a r e  d e r i v a t i v e s  of 
porphin  (Fig .  1 0 ) ;  

2 .  Ch lor ins  ( i n c l u d i n g  rhod ins )  , which a r e  d e r i v a -  
t i v e s  of d ihydroporph in ;  and 

3 ,  B a c t e r i o c h l o r i n s  , which a r e  d e r i v a t i v e s  o f  
t e t r a h y d r o p o r p h i n  (Fig .  10) (Rabinowitch,  1944 ; 
Aronof f  , 1950) . 

One-e lec t ron  O r b i t a l s .  The o r b i t a l s  and t r a n s i t  i o n  
e n e r g i e s  were computed f o r  porph in  and t e t r a h y d r o -  
porph in  by Longuet-Higgins e t  a 1  (1950) u s i n g  t h e  
LCAO m o l e c u l a r - o r b i t a l  approximation.9c The h i g h e s t  
f i l l e d  and lowest  empty o r b i t a l s  a r e  shown i n  F ig .  
11, and t h e  c e n t e r s  of g r a v i t y  of t h e  f i r s t  e x c i t e d  
c o n f i g u r a t i o n s  a r e  shown a f t e r  them i n  F i g .  12 f o r  
comparison w i t h  t h e  observed e x c i t e d  s i n g l e t  s t a t e s .  
The o r b i t a l s  i n  t h e  columns marked y  were  computed 
assuming t h e  c e n t r a l  n i t r o g e n  atoms t o  be  e q u i v a l e n t  
t o  ca rbon  atoms. Those marked y '  were computed w i t h  
a  h i g h e r  e l e c t r o n  a f f i n i t y  a t  t h e  n i t r o g e n  p o s i t i o n s ,  
a l l  n i t r o g e n  atoms s t i l l  be ing  assumed e q u i v a l e n t  t o  
each o t h e r .  The p r e d i c t e d  c o n f i g u r a t i o n  e n e r g i e s  
from e i t h e r  s e t  o f  o r b i t a l s  f i t  t h e  observed s i n g -  
l e t  l e v e l s  about  a s  w e l l  a s  p r e d i c t i o n s  f i t  i n  
o t h e r  molecu les  when made by t h e  same methods 
( P l a t t ,  1950).  The symbols a t  t h e  t o p  of F i g .  11 
r e f e r  t o  t h e  symmetry of t h e  wave f u n c t i o n s  i n  
s t a n d a r d  symmetry n o t a t i o n ;  i n  t h e  c a l c u l a t i o n s  
porph in  was assumed t o  have D4h, o r  s q u a r e ,  symmetry. 

Angular Momentum and Vector  Addi t ion .  The funda- 
mental  d i f f e r e n c e  between p o r p h y r i n s  and t h e  poly-  
enes  stems from t h e  f a c t  t h a t  t h e  con juga ted  system 
of porphyr ins  i s  no t  l i n e a r  b u t  has  a  two-dimensional 
e x t e n s i o n  i n  i t s  own p lane .  A s  a  r e s u l t ,  some o r b i t a l s  
of porph in  such a s  t h e  lowest  u n f i l l e d  one ( i n  t h e  Eg 
column of F i g ,  11, which we a g a i n  c a l l  t h e  g - o r b i t a l ,  
a r e  doubly d e g e n e r a t e .  That i s ,  t h e y  c o n s i s t  of two 
o r b i t a l s ,  one p o i n t e d  i n  t h e  x  d i r e c t i o n  of t h e  s q u a r e  
t h e  o t h e r  i n  t h e  y d i r e c t - j o f i  t h e  two components be ing  
o f  e q u a l  energy because  t'hese d i r e c t i o n s  a r e  p h y s i c a l l y  
i n d i s t i n g u i s h a b l e  i f  and when porph in  i s  square .  

- * 
I n c l u d i n g  c o n s i d e r a t i o n  I of t h e  o v e r l a p  i n t e g r a l  
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F i g u r e  10. S t r u c t u r e  and Numbering o f  P o s i t i o n s  of 
P o r p h i n  and  T e t r a h y d r o p o r p h i n  



A,, B," A2" 82, E O  B2, 3 3t3 

F i g u r e  11. O r b i t a l  e n e r g i e s  a c c o r d i n g  t o  symmetry c l a s s e s ,  
and l o w e s t  a l l o w e d  t r a n s i t i o n s  i n  p o r p h i n  and 
t e t r a h y d r o p o r p h i n .  The d o u b l e  symbol I, /I 
i n d i c a t e s  d o u b l e  degene racy .  The s i n g l e  symbols 
i n d i c a t e  p o l a r i z a t i o n  w i t h  r e s p e c t  t o  t h e  l o n g e s t  
a x i s  o f  t h e  c o n j u g a t e d  s y s t e m  i n  t e t r a h y d r o p o r p h i n  
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F i g u r e  12 .  Comparison of  C a l c u l a t e d  with Observed  Energy 
S t a t e s  f o r  P o r p h i n .  



O r  we may e q u a l l y  w e l l  t h i n k  of t h e  e l e c t r o n  a s  
swi tch ing  r a p i d l y  from one of t h e s e  components t o  
t h e  o t h e r  and s o  t r a v e l i n g  c lockwise  (one compo- 
nen t )  o r  counterc locl iwise  ( t h e  o t h e r  component) 
around t h e  r i n g .  Th is  degeneracy i n  t h e  g - o r b i t a l  
makes each of t h e  long-wavelength t r a n s i t i o n s  of 
porph in  a l s o  doubly d e g e n e r a t e ,  w i t h  two components 
p o l a r i z e d  i n  mutua l ly  p e r p e n d i c u l a r  d i r e c t i o n s  
(F ig .  12) .  

I n  a  two-dimensional con juga ted  system i t  a l s o  o f t e n  
happens t h a t  o t h e r  p a i r s  of o r b i t a l s  t h a t  a r e  n o t  
s t r i c t l y  d e g e n e r a t e ,  l i k e  t h e  Ezg, a r e  n e v e r t h e l e s s  
a lmost  d e g e n e r a t e ,  a s ,  f o r  i n s t a n c e ,  t h e  h i g h e s t  
f i l l e d  p a i r ,  A l U  and A z U ,  i n  t h e  y '  columns of 
porphin .  Th is  s u g g e s t s  a  m o d i f i c a t i o n  o f  t h e  LCAO 
r e s u l t s ,  a s  f o l l o w s :  To a  c e r t a i n  approximat ion 
we may t r e a t  such a  p a i r  of o r b i t a l s  i n  t h e  same 
way t h a t  we t r e a t e d  t h e  Eg o r b i t a l ,  i . e . ,  a s  though 
t h e y  were components of a  doubly d e g e n e r a t e  f - o r b i t a l ,  
w i t h  t h e  e l e c t r o n  i n  one component moving c lockwise  
around t h e  r i n g ,  i n  t h e  o t h e r  coun te rc lockwise  
( P l a t t  , 1949, 1950).  

Th i s  combined f - o r b i t a l  may t h e n  be  thought  of a s  
hav ing  an a n g u l a r  momentum, i n  t h i s  c a s e  w i t h  a  
v a l u e  of f o u r  a tomic u n i t s ;  i . e . ,  t h e  A l u  and A2, 
components o u t  of which we made t h i s  o r b i t a l  a r e  
each c r o s s e d  through t h e  c e n t e r  by f o u r  noda l  l i n e s .  
They a r e  b o t h  odd f u n c t i o n s ,  which change s i g n  on 
i n v e r s i o n  i n  t h e  c e n t e r  of symmetry. The g - o r b i t a l ,  
of  Eg t y p e ,  i s  even and i s  c r o s s e d  by f i v e  noda l  
l i n e s  through t h e  c e n t e r ,  s o  t h a t  i t  has  an e f f e c -  
t i v e  a n g u l a r  momentum of 5  u n i t s .  

On e x c i t i n g  an  e l e c t r o n  of a n g u l a r  momentum 4 t o  
a n g u l a r  momentum 5 ,  t h e  two momenta may b e  e i t h e r  
i n  t h e  same d i r e c t i o n ,  and a d d ,  o r  i n  t h e  o p p o s i t e  
d i r e c t i o n ,  and s u b t r a c t .  The whole molecu le ,  which 
began i n  i t s  ground s t a t e  1~ w i t h  t o t a l  a n g u l a r  
momentum 0 ,  may t h e n  change i t s  a n g u l a r  momentum 
t o  a  v a l u e  of 1 u n i t  (5 - 4) c lockwise  o r  c o u n t e r -  
c l o c k w i s e ,  o r  of 9 u n i t s  (5 + 4) c lockwise  o r  
coun te rc lockwise .  These two v a l u e s  of momentum 
w i l l  g i v e  two d e g e n e r a t e  s i n g l e t  s t a t e s  and two 
d e g e n e r a t e  t r i p l e t  s t a t e s  f o r  t h e  f i r s t  e x c i t e d  
c o n f i  u r a t i o n  . . . d2e2fg.  We c a l l  t h e s e  s t a t e s  
IBo, f q O  and 1 ~ 0 ,  390, where B r e f e r s  t o  1 u n i t  of 



a n g u l a r  momentum and Q t o  9 .  E l e c t r o n  i n t e r a c t i o n  
w i l l  push t h e  B and Q s t a t e s  a p a r t ,  w i t h  t h e  Q l y i n g  
lower (Hund r u l e ) ;  t r i p l e t s  of each t y p e  w i l l  a g a i n  
l i e  below s i n g l e t s  o f  t h e  same type .  

The important  p r e d i c t i o n  t h a t  t h i s  t r i c k  of adding 
angular-momentum v e c t o r s  makes p o s s i b l e  i s  t h a t  
t r a n s i t i o n s  from t h e  ground s t a t e  t o  t h e  low Q 
s t a t e s  w i l l  be  compara t ive ly  weak because  l a r g e  
changes of angu la r  momentum a r e  f o r b i d d e n ,  where- 
a s  t h e  t r a n s i t i o n  t o  t h e  h i g h e r  B s t a t e s  w i l l  b e  
s t r o n g  and h i g h l y  a l lowed.  Th is  i s  p r e c i s e l y  t h e  
d i f f e r e n c e  between t h e  porph in  a b s o r p t i o n s  t o  t h e  
two lowest  e x c i t e d  s t a t e s ,  a s  shown i n  F i g .  12. 
I n  t h e  v i s i b l e  bands of p o r p h i n ,  n e a r  18,000 cm-1, 
t h e  observed molar e x t i n c t i o n  smax i s  about  10,000;  
i n  t h e  v i o l e t  o r  "Soret"  bands n e a r  24,000 cm-1, 
i t  i s  about  200,000. Th is  i s  a  g e n e r a l  r e s u l t ;  
compara t ive ly  weak long-wavelength t r a n s i t i o n s  i n  
TT-electron s p e c t r a  a r e  p e c u l i a r  t o  molecules  ex- 
t ended  i n  two d imens ions ,  e s p e c i a l l y  symmetr ical  
ones .  

Here t h e  symbol Q h a s  been g i v e n  t o  t h e  low s t a t e  
o f  h i g h  momentum, i n s t e a d  of t h e  symbol L t h a t  was 
used  f o r  t h e  same k ind  of s t a t e  i n  benzene and t h e  
condensed-r ing systems ( P l a t t ,  1949) , because  t h e  
p r o p e r t i e s  o f  t h e  Q s t a t e  a r e  v e r y  d i f f e r e n t ,  f o r  
i n s t a n c e ,  i n  i t s  behav ior  w i t h  chemical  s u b s t i t u -  
t i o n ,  a s  w i l l  be s e e n  l a t e r .  

The p r e d i c t i o n  of weakness of t h e  f i r s t  t r a n s i t i o n  
by t h e  v e c t o r  model i s  a  r e s u l t  n o t  e a s i l y  o b t a i n e d  
by t h e  u s u a l  ( o n e - e l e c t r o n )  method, which s imply 
p r e d i c t s  t h a t  t h e  f i r s t  two t r a n s i t i o n s  of porphin  
w i l l  b e  a l lowed.  C o n f i g u r a t i o n  i n t e r a c t i o n  must be  
c o n s i d e r e d  i n  such c a l c u l a t i o n s  b e f o r e  any subs tan-  
t i a l  d i f f e r e n c e  i s  found i n  t h e  p r e d i c t e d  i n t e n s i -  
t i e s  o f  t h e  f i r s t  two t r a n s i t i o n s .  Simpson (1949) 
f i r s t  made t h i s  p r e d i c t i o n  o f  weakness f o r  porphin  
by app ly ing  v e c t o r  a d d i t i o n  t o  a  f r e e - e l e c t r o n  model, 
b u t  h e  o v e r s i m p l i f i e d  t h e  problem u n n e c e s s a r i l y  by 
r e s t r i c t i n g  h i s  e l e c t r o n s  t o  a  c l o s e d  18-atom loop ,  
l e a v i n g  o u t  of c o n s i d e r a t i o n  s i x  o t h e r  atoms i n  t h e  
porph in  con juga ted  system. When some of t h e s e  atoms 
a r e  a c t u a l l y  miss ing  from t h e  con juga ted  system,  s o  
t h a t  i t  i s  more s i m i l a r  t o  Simpson's  model, t h e  f i r s t  
t r a n s i t i o n  l o s e s  i t s  weakness,  a s  w i l l  b e  s e e n  l a t e r ,  
and no l o n g e r  a g r e e s  w i t h  Simpson's  p r e d i c t i o n .  



Suminarizing, w e  i d e n t i f y  t i le  v i s i b l e  bands of  square  
(Dhh) porph in  from t h e s e  t h e o r e t i c a l  c o n s i d e r a t i o n s  
a s  t h e  e 2 f 2  1.4-e2fg L Q O  t r a n s i t i o n ,  d e g e n e r a t e  and 
a lmost  f o r b i d d e n ,  and t h e  S o r e t  band n e a r  4000A a s  
t h e  e2f2  l ~ - e 2 f ~  1 B o  t r a n s i t i o n ,  d e g e n e r a t e  and 
s t r o n g l y  a l lowed.  

STRUCTURE OF THE YLSIBLE BANDS 

C o n f i g u r a t i o n  of  Porphin .  I n  n e u t r a l  porph in  t h e  
on ly  p a r t s  t h a t  must v i o l a t e  t h e  D41, symmetry a r e  
t h e  two c e n t r a l  hydrogens.  D i s c u s s i o n  raged  f o r  
y e a r s  about whether  they  were  normal ly  on o p p o s i t e  
n i t r o g e n  a lums  or on u d j n c o n t  n i t r o g e n  atoms o r  
s e r v e d  a s  b r i d g e s , b e t w e e n  t h e  n i t r o g e n  atoms; o r  
whether  a l l  t h e s e ' s p e c i e s  were p r e s e n t  i n  an  e q u i -  
l i b r i u m  m i x t u r e ,  w i t h  r a p i d  c r a n s f o r m a t  i o n  from 
one t o  t h e  o t h e r .  Th i s  problem was s e t t l e d  by 
Erdman and Corwin (1946) ,  who showed t h a t  r e p l a c -  
i n g  one  of t h e s e  p r o t o n s  by a  methyl  group produced 
l i t t l e  change i n  t h e  spect rum.  Such a  N-methyl 
group would b e  expec ted  t o  be  r a t h e r  t i g h t l y  bound 
t o  a  s i n g l e  n i t r o g e n  and shou ld  n o t  undergo v e r y  
r a p i d  s h i f t s  of  p o s i t i o n  t o  a n o t h e r  n i t r o g e n .  A l s o ,  
i n  t h e  p r e s e n c e  o f  t h e  bulky methyl  g r o u p ,  t h e  r e -  
maining p r o t o n  would p robab ly  p r e f e r  t h e  opposed 
p o s i t i o n  f o r  s t e r i c  r e a s o n s .  The a d j a c e n t  conf igu-  
r a t i o n ,  t h e  b r i d g e  c o n f i g u r a t i o n ,  and t h e  r a p i d -  
t r a n s f o r m a t i o n  h y p o t h e s i s  a r e  t h e r e f o r e  unnecessa ry  
i n  a c c o u n t i n g  f o r  t h e  spect rum.  It s u f f i c e s  t o  
assume t h a t  t h e  p r o t o n s  a r e  bound by normal cova- 
l e n t  bonds t o  opposed n i t r o g e n  atoms. 

There  a r e  t h r e e  ways of modifying porph in  s o  t h a t  
i t  c a n  have s t r i c t  D4h symmetry: (1)  we may remove 
t h e  c e n t r a l  hydrogens ,  a s  i n  t h e  d isodium s a l t ;  
(2 )  we may add two a d d i t i o n a l  hydrogen a toms,  a s  
i n  t h e  d i h y d r o c h l o r i d e  o r  i n  c o n c e n t r a t e d  a c i d  
s o l u t i o n ;  o r  (3) we may r e p l a c e  t h e  c e n t r a l  hydro-  
gen atoms by a  s i n g l e  c e n t r a l  atom, a s  i n  t h e  cop- 
p e r  o r  z i n c  complexes. Any of  t h e s e  changes pro-  
duces  a  g r e a t  s i m p l i f i c a t i o n  i n  t h e  v i s i b l e  spec t rum 
a s  s e e n  f o r  t h e  d i h y d r o c h l o r i d e  i n  F i g .  1 3 ,  and,  
excep t  f o r  s m a l l  wavelength  s h i f t s ,  a l l  t h r e e  changes 
produce v e r y  s i m i l a r  a b s o r p t i o n  c u r v e s .  
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Porphin i t s e l f  i n  a c i d  has  an  A-Q t r a n s i t i o n  wi th  
on ly  a  s i n g l e  s h a r p  peak ,  and i t s  A-B t r a n s i t i o n  
becomes extremely s h a r p .  Th is  must be  t h e  spec-  
trum which belongs  t o  t h e  s q u a r e  D4h compound we 
t r e a t e d  t h e o r e t i c a l l y ,  w i t h  s t r i c t  degeneracy.  

The I n t e r ~ r e t a t i o n  of t h e  V i s i b l e  Bands. The ob- ---- *---re & served~n~~~~.~~alc i n  z i d  c a * x  i n t e r p r e t e d  
a s  a  0 -1  v i b r a t i o n a l  band,  normal ly  t h e  second peak 
i n  an absorp t ion-band  system. The f i r s t ,  o r  0-0 
band,  i s  complete ly  a b s e n t ,  a s  i t  would b e  i n  a  
s t r i c t l y  fo rb idden  t r a n s i t i o n ,  and it appears  on ly  
when t h e  sys tem i s  s l i g h t l y  p e r t u r b e d ,  a s  by a l k y l  
s u b s t i t u t i o n .  The one observed 1 A - I B  peak i n  a c i d  
i s  presumably t h e  0-0 band, f o r  it does n o t  a c q u i r e  
a  longer-wavelength  companion w i t h  a l k y l  s u b s t i t u t i o n .  

I f  t h i s  i s  t h e  D4h spectrum,  t h e  c o m p l e x i t i e s  of t h e  
f r e e - b a s e  porph in  spectrum a r e  e v i d e n t l y  due t o  t h e  
change t o  D2h, o r  r e c t a n g u l a r ,  symmetry, w i t h  r e -  
moval o f  t h e  degeneracy ,  when two p r o t o n s  only  a r e  
p r e s e n t  i n  t h e  c e n t e r .  A change o f  symmetry from 
e x t e r n a l  s u b s t i t u t i o n  on t h e  r i n g  g i v e s  l e s s  d r a -  
m a t i c  s p e c t r a l  changes t h a n  when t h e  c e n t r a l  sym- 
metry i s  a l t e r e d .  

The v i s i b l e  spectrum of n e u t r a l  D2h porph in  looks  
l i k e  a  s u p e r p o s i t i o n  of two of t h e  D4h s p e c t r a ,  
s h i f t e d  800 A a p a r t .  Th i s  s e p a r a t i o n  is  what would 
b e  expec ted  when t h e  degeneracy o f .  t h e  upper  IQ 
s t a t e  i s  removed. It t h e r e f o r e  seems r e a s o n a b l e  
t o  a s s i g n  t h e  f o u r  v i s i b l e  bands I ,  11, 111, I V  
(numbered from t h e  r e d  end) a s  f o l l o w s :  

Bands I and 11: 0-0 and 0 -1  v i b r a t i o n s  of 
1A-  I Q ~ ,  

Bands I11 and I V :  0-0  and 0-1 v i b r a t i o n s  of 
IA- IQ;, 

where Qx and Qy a r e  p o l a r i z e d  i n  m u t u a l l y  perpen- 
d i c u l a r  d i r e c t i o n s ,  whose r e l a t i o n s  t o  t h e  H-H 
a x i s  of t h e  c e n t r a l  p r o t o n s  has  y e t  t o  be  determined 



EFFECT OF SUBSTITUTIONS 

The e f f e c t  of s u b s t i t u e n t s  on f o r b i d d e n  t r a n s i t i o n s  
i s  e a s i e r  and more e n t e r t a i n i n g  t o  compute t h a n  t h e  
e f f e c t s  on a l lowed t r a n s i t i o n s .  I n  t h e  porphyr in  
v i s i b l e  bands ,  t h e  i n t e n s i t y  changes w i t h  s u b s t i t u -  
t i o n  a r e  e s p e c i a l l y  i n t e r e s t i n g .  S e v e r a l  " types"  
a f  spec t r a  have been d i s t i n g u i s h e d  (St~sn sad Wcn- 
d e r l e i n ,  1936,  V ;  Rabinowitch,  1944) accord ing  t o  
t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  d i f f e r e n t  band 
maxima and have  been roughly c o r r e l a t e d  w i t h  t h e  
p r e s e n c e  o r  absence  of c e r t a i n  k i n d s  o f  s u b s t i t u -  
t i o n s .  The s p e c t r a  a r e  d i f f e r e n t  enough t o  be  used 
f o r  fo l lowing  r e a c t i o n s ,  f o r  i d e n t i f i c a t i o n ,  and f o r  
a n a l y s i s .  

A p p l i c a t i o n  t o  Porphyr ins .  Th i s  t h e o r y  can  b e  
adapted t o  i n t e r p r e t  t h e  changes i n  t h e  v i s i b l e  
bands of t h e  porphyr ins .  The r e a s o n i n g  i s  a s  
f o l l o w s  : 

S u b s t i t u t i o n  i n  porph ins  u s u a l l y  seems t o  s t r e n g t h e n  
t h e  I and 111, o r  0 - 0 ,  bands ,  of t h e  two e l e c t r o n i c  
components, l e a v i n g  a lmost  unchanged t h e  I1 and I V ,  
o r  0 - 1 ,  bands.  T h e r e f o r e  t h e  ~ A - ~ Q O  wave f u n c t i o n s  
a r e  be ing  mixed w i t h  t h e  wave f u n c t i o n  o f  nearby 
a l lowed t r a n s i t i o n s  t h a t  have s t r o n g  0-0 a b s o r p t i o n  
peaks .  Probably  t h e s e  a r e  t h e  I A - ~ B O  t r a n s i t  ions .  
We s h a l l  show how t h e  peak i n t e n s i t i e s  c a n  b e  p re -  
d i c t e d  i n  bands I and 111, which grow from essen-  
t i a l l y  z e r o  v a l u e s  i n  D4h p o r p h i n . '  

LIGHT EMISSION 

C a l v i n  and Dorough (1947) found a  weak phosphor- 
escence  of c h l o r o p h y l l  b  a t  8600 A ,  about  4000 cm-I 
t o  t h e  r e d  of i t s  lqx band and 6800 cm-I from l Q y ,  
w i t h  a  l i f e t i m e  of 3 x l o e 2  s e c .  A more d e f i n i t e  
r e s u l t  was o b t a i n e d  by t h e  same a u t h o r s  (1948) on 
z i n c  t e t r a p h e n y l c h l o r i n ,  which had a  phosphorescence 
a t  8000 A ,  3500 cm-1 t o  t h e  r e d  of i t s  'Q, band and 
5700 cm-I from 'qy, w i t h  a  l i f e t i m e  of about  l o m 2  
s e c .  The t r i p l e t  upper s t a t e  of t h e s e  phosphor- 
escences  cou ld  b e  e i t h e r  3 ~ x  o r  3 ~ y .  The l i f e t i m e  
g i v e n  i s  s o  s h o r t  t h a t  i t  would s u r e l y  be r e l a t e d  
t o  a  s t r o n g  s i n g l e t ,  were i t  n o t  f o r  t h e  f a c t  t h a t  
t h e  heavy z i n c  atom w i l l  s h o r t e n  t h e  phosphorescence 
l i f e t i m e ,  a s  d e s c r i b e d  e a r l i e r ,  



I n  f a c t ,  t h e  d i f f e r e n c e  i n  t h e  weight  of  t h e  metal  
atoms may account  f o r  t h e  d i f f e r e n c e s  i n  t h e  i n -  
t e n s i t i e s  and l i f e t i m e s  of  t h e  phosphorescences  i n  
t h e s e  two compounds. 

I n  t h e  C18 and C 2 2  condensed-r ing hydrocarbons ,  
t h e  lowes t  t r i p l e t  i s  alwa s a t  an  almost  c o n s t a n t  
l i i a ~ a i ~ o a  o f  abauL 9U00  c s ~ ~ ~  b e l o w  a  "correspond- 
ing"  s i n g l e t  (Klevens and P l a t t  , 1949) , b u t  whether  
t h i s  co r respondence  means t h a t  b o t h  s t a t e s  belong 
t o  t h e  same o r b i t a l  wave f u n c t i o n  i s  s t i l l  b e i n g  
deba ted .  I n  porphyr ins  t h e  gap from t h e  t r i p l e t  
t o  1qy i s  more l i k e  t h i s  f i g u r e  t h a n  t h e  d i s t a n c e  
t o  l qx ,  s o  t h a t  we may say  t h a t  l ~ y  i s  p robab ly  
t h e  "corresponding"  s i n g l e t  . P r o v i s i o n a l l y  we may 
l a b e l  t h e  t r i p l e t  a s  3 ~ y .  However, t h e  s e p a r a t i o n  
from l ~ x  i s  s t i l l  w i t h i n  t h e  range  of  o t h e r  t r i p l e t -  
s i n g l e t  s e p a r a t i o n s  expec ted  i n  condensed-r ing s y s -  
tems. A d e t e r m i n a t i o n  of t h e  phosphorescen t -  
f l u o r e s c e n t  s e p a r a t i o n  i n  a  p o r p h i n ,  a  d ihydropor-  
p h i n ,  and a t e t r a h y d r o p o r p h i n  would s e t t l e  t h i s  
q u e s t i o n  of  t h e  "correspondence."  I f  t h e  s e p a r a -  
t i o n  i s  c o n s t a n t ,  a  co r respondence  of  t h e  t r i p l e t  
w i t h  IQ i s  i n d i c a t e d ;  i f  i t  g e t s  s m a l l e r  (by 2000- 

f 4000 cm ) i n  t h e  hydroporph ins ,  t h e n  t h e  correspond-  
ence  i s  w i t h  3 ~ ~ .  

The changes i n  f l u o r e s c e n c e  found by L i v i n g s t o n  and 
coworkers (1949) a r e  more p e c u l i a r .  They e s t a b l i s h e d  
t h a t  s t r i c t l y  d ry  c h l o r o p h y l l  a  o r  b  is a  dry  s o l v e n t  
probably  h a s  no f l u o r e s c e n c e ,  bu t  t h a t  mi.nute q u a n t i -  
t i e s  o f  " a c t i v a t o r s "  b r i n g  t h e  f l u o r e s c e n c e  up t o  
f u l l  s t r e n g t h  i n  b o t h  compounds. These a c t i v a t o r s  
a r e  p o l a r  s u b s t a n c e s  t h a t  can  form hydrogen bonds ,  
e .  g .  , w a t e r ,  a l c o h o l s ,  a c i d s ,  o r  amines.  They showed 
t h a t  t h e  a c t i v a t o r s  form a  1 - t o - 1  complex w i t h  t h e  
c h l o r o p h y l l  and t h a t  t h e  complex i s  t h e  f l u o r e s c i n g  
a g e n t ,  

The d i s c u s s i o n  i n  t h i s  c h a p t e r  s u g g e s t s  a  h y p o t h e s i s  
t h a t  might account  f o r  t h i s  f l u o r e s c e n c e  b e h a v i o r .  
It i s  t h a t  t h e r e  i s  a n o t h e r  e l e c t r o n i c  s i n g l e t  s t a t e  
i n  d r y  c h l o r o p h y l l  a  o r  b ,  below b u t  c l o s e  t o  t h e  

1 IQ, s t a t e ,  p o s s i b l y  a  l u x  o r  W, s t a t e  of t h e  c a r -  
bony1 group i n  t h e  i s o c y c l i c  r i n g  of c h l o r o p h y l l  
(phorb ide  t y p e ) .  A molecu le  t h e  s i z e  of  c h l o r o  h y l l ,  P w i t h  t h e  n - t r a n s i t i o n s  moved down t o  16,000 cm- , 
they might j u s t  be c a t c h i n g  up w i t h  t h e  carbonyb 
n - t r a n s i t i o n s .  A low IU o r  a  low lw s t a t e ,  w i t h  



t r a n s i t i o n s  t o  ground between 40 and 1000 t imes 
weaker t h a n  f o r  IQ,, would b e  r e l a t i v e l y  nonf luo-  
r e s c e n t .  (This  would be  a  f a v o r a b l e  s i t u a t i o n  f o r  
f i n d i n g  phosphorescence.)  It would n o t  b e  d e t e c t e d  
i n  a b s o r p t i o n  on t h e  s i d e  of t h e  s t r o n g  l ~ x  band 
u n t i l  i t  was s e v e r a l  hundred wave numbers lower 
( s e e  F i g .  1 2 ) ;  and i t  would move t o  t h e  b l u e  i n  t h e  
prasanca a f  polae m n l ~ s u I . o s  ur p c o t a n a ,  a s  d a s c r i b e d  
e a r l i e r  i n  t h i s  c h a p t e r ,  pe rhaps  p a s s i n g  above t h e  
1~~ and p e r m i t t i n g  t h e  f l u o r e s c e n c e  t o  t a k e  p l a c e .  
P r e c i s e l y  such c r o s s i n g s  between low n - t r a n s i t i o n s  
and TT-transi t ions  i n  p o l a r  s o l v e n t s  have now been 
i d e n t i f i e d  f o r  s i m p l e r  molecules  (McConnell, 1952).  

The c r o s s i n g s ,  i f  they  e x i s t ,  cou ld  b e  of s i g n i f i c a n c e  
i n  b i o l o g i c a l  porphyr ins  i f  they  s e r v e d  t o  c o n t r o l  t h e  
f l u o r e s c e n t  and phosphorescent  l i f e t i m e s  and r e l a t i v e  
p o p u l a t i o n s  d u r i n g  i r r a d i a t i o n .  

The p o s s i b i l i t y  t h a t  t h e  phosphorescent  t r i p l e t  i s  
3~ o r  3~ seems t o  be  r u l e d  o u t  by t h e  s h o r t  r e p o r t e d  
l i f e t i m e s  and by t h e  smal l  n-g s i n g l e t - t r i p l e t  sepa-  
r a t i o n  c a l c u l a t e d  by Reid (1953). 

I f  t h i s  e x p l a n a t i o n  i s  c o r r e c t ,  t h e  p e c u l i a r  f l u o -  
r e s c e n c e  behav ior  i s  n o t  d i r e c t l y  r e l a t e d  t o  t h e  
c o n s i d e r a b l e  changes i n  t h e  a b s o r p t i o n  s p e c t r a  
which L i v i n g s t o n  and coworkers (1949) a l s o  found 
between t h e  d ry  and wet c h l o r o p h y l l .  (The s h i f t  
i n  t h e  n - t r a n s i t i o n  would b e  a lmost  u n d e t e c t a b l e ) .  
I n s t e a d ,  t h e s e  s p e c t r a l  changes a r e '  s imply ev idence  
o f  t h e  change i n  t h e  s p e c t r o s c o p i c  moment of the-'  
r i n g  s u b s t i t u e n t s  when t h e  a c t i v a t o r  complex i s  
formed. 

For porphyr ins  c a p a b l e  of forming such complexes,  
probably  most of t h e  s p e c t r a  now i n  t h e  l i t e r a t u r e  
shou ld  b e  a s c r i b e d  t o  t h e  complexed molecu le ,  and 
s p e c t r o s c o p i c  moments determined from them should  
b e  a t t r i b u t e d  t o  t h e  complex. 
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SECTION 3 

SPECTRA 

I n  t l ~ i s  s e c t i o n  we d e s c r i b e  some t y p i c a l  s p e c t r a  talcen from t h e  l i t e r a -  

t u r e  i n  o r d e r  t o  e x h i b i t  v a r i o u s  e f f e c t s  a s s o c i a t e d  w i t h  porphyr in -  

type  s p e c t r a .  The i n c l u s i o n  i n  t h i s  r e p o r t  of t h i s  d a t a  does n o t  

n e c e s s a r i l y  imply t h a t  t h e s e  compounds c o n s t i t u t e  i n t e r s t e l l a r  dust: 

p a r t i c l e s .  I t  mere ly  i l l u s t r a t e s  some of  t h e  v a r i a t i o n s  t h a t  a r e  

p o s s i b l e  and t h e  d i v e r s e  e f f e c t s  t h a t  can be  obse rved .  F i g u r e  14  

i l l u s t r a t e s  t h e  t e m p e r a t u r e  e f f e c t  on t h e  e m i s s i o n  s p e c t r a  of Chlor-  

e l l a  a t  v e r y  low t e m p e r a t u r e s .  Note t h a t  t h e  e m i s s i o n  l i n e  a t  689 
0 

peaks  s h a r p l y  a s  one approaches  4  K .  F i g u r e  15 shows t h e  p o l a r i z a t i o n  

s p e c t r a  of p r o t o p o r p h y r i n .  I n  t h e  same graph bo th  the  a b s o r p t i o n  

s p e c t r a  and luminescence a r e  shown. F i g u r e  14  shows t h e  p o l a r i z a t i o n  

s p e c t r a  of pheophyt in  a s  w e l l  a s  t h e  a b s o r p t i o n  s p e c t r a  and i t s  com- 

pound. F i g u r e  17 shows t h e  a b s o r p t i o n  s p e c t r a  of t e t r a p h e n y l p o r p h i n e  

i n  t o l u e n e .  T h i s  compound e x h i b i t s  a  r a t h e r  s h a r p  and s t r o n g  peak i n  

t h e  neighborhood of t h e  4430 l i n e .  T h i s  d a t a ,  talcen by L i n s c h i t z ,  

a l s o  e x h i b i t s  two t y p e s  of  a b s o r p t i o n ,  t h e  s i n g l e t  and t h e  t r i p l e t ,  

whose a b s o r p t i o n  pealcs d i f f e r  - a s  can be seen  on t h e  f i g u r e ;  i n  f a c t  

i t  would appear  a s  i f  t h e  t r i p l e t  a b s o r p t i o n  i s  c l o s e r  t o  t h e  4430 

l i n e  than  t h e  s i n g l e t ,  a l though  t h e  s i n g l e t  i s  c o n s i d e r a b l y  s t r o n g e r .  
-7- 

Another example,  F i g .  1 8 ,  t aken  from a  paper  by Ssuer  e t  a 1  , e x h i b i t s  

a n o t h e r  type  of  phenomena, namely t h e  e f f e c t  o f  d i m e r i z a t i o n .  Note 

t h a t  t h e  monomer h a s  s l i g h t l y  d i f f e r e n t  a b s o r p t i o n  than  t h e  d imer ,  

T h i s  e f f e c t  c a n  be seen  more d r a m a t i c a l l y  by examining t h e  d i f f e r e n c e  

spect rum below t h e  c u r v e ,  F i g u r e  1 9 ,  talcen from Fallc, shows t h e  s p e c t r a  

of  an  i r o n  p r o t o p o r p h y r i n  c h e l a t e .  Note p a r t i c u l a r l y  t h e  r e l a t i v e l y  

s h a r p  a b s o r p t i o n  band shown h e r e  f o r  p y r i d i n e  haemochrome. 

9; 
K.Sauer e t  a l ,  J. Am. Chem. Soc.  8 8 ,  2681 (1966) 

& 
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F i g u r e  14.  Emission S p e c t r a  of  C h l o r e l l a  Pyreno idosa  as  a 
Func t ion  of  Temperature 
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F i g u r e  16 .  P o l a r i z a t i o n  S p e c t r a  o f  Pheophy t i n  



F i g u r e  17. Abso rp t ion  S p e c t r a  of  Te t r apheny lpo rph ine  and i t s  T r i p l e t  
S t a t e  C o r r e c t e d  t o  100% Convers ion ,  i n  Toluene  



F i g u r e  18. Abso rp t ion  s p e c t r a  of  c h l o r o p h y l l  a  i n  carbon t e t r a c h l o r i d e  
(upper  cu rves )  c a l c u l a t e d  f o r  p u r e  monomer ( s o l i d  c u r v e s )  
and p u r e  dimer (dashed  c u r v e ) .  A b s o r p t i v i t i e s  a r e  g i v e n  p e r  
mole of  monomer i n  t h e  d imer ,  The lower c u r v e  (dashed) shows 
a  d i f f e r e n c e  spec t rum measured d i r e c t l y  between two s o l u -  
t i o n s  a t  d i f f e r e n t  c o n c e n t r a t i o n s  and f o r  p a t h  l e n g t h s  i n -  
v e r s e l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n s .  



WAVELENGTH ( m p )  

Figure 19" Spectra of Perpendicular Complexes of Iron- 
Protoporphyrin Chelates; Pyridine Haemochrome 
(Bispyridine-Fe(I1)-Porphyrin) 



Although a  g r e a t  d e a l  of  work has  been done on t h e  c h l o r o p ~ z y l l  compounds, 

l a r g e l y  because  of t h e i r  ready a c c e s s i b i l i t y ,  t h e  haemat in  compounds 

d e s e r v e  more a t t e n t i o n ,  n o t  on ly  because  t h e i r  a b s o r p t i o n  bands a r e  

clsscly r e l a t a d  t o  the int-erstellax d i f f u e c  lincn, b u t  tllcy have a thcr  

d e s i r a b l e  p r o p e r t i e s  such a s  paramagnetism. Tab les  I1 and 111 reproduced 

i n  t h i s  r e p o r t  show some o f  t h e  s p e c t r a l  d a t a  o b t a i n e d  by Clezy and 

More l1 .a  (Those haemin compounds whose s p e c t r a  most c l o s e l y  match t h e  

d i f f u s e  i n t e r s t e l l a r  l i n e s  bo th  i n  i n t e n s i t y  a s  w e l l  a s  wavelength  p o s i -  

t i o n  a r e  u n d e r l i n e d  i n  t h e  t a b l e . )  

It shou ld  a l s o  b e  p o i n t e d  o u t  t h a t  t h e  haem compounds show t h e  na r rowes t  

a b s o r p t i o n  l i n e s ,  a s  shown p a r t i c u l a r l y  by  stabr rook,^ who t o o k  meas- 

urements  o f  some of t h e  compounds a t  lower  t e m p e r a t u r e s .  As f a r  a s  c o u l d  

b e  d e t e r m i n e d ,  no a b s o r p t i o n  measurements of  t h e s e  compounds had been 

t a k e n  a t  4OK. 

The r e l a t i o n s h i p s  between c h l o r o p h y l l  and haems and t h e i r  s y n t h e s i s  i n  

b i o s y n t h e t i c  c h a i n  i s  d i s c u s s e d  by S. Granick.+ F i g u r e  20 shows t h e  

b i o s y n t h e s i s  from g l y c i n e  and succinyl-CoA t o  p r o t o p o r p h y r i n ,  a  f u n c t i o n  

of mi tochondr ia  and of p r o p l a s t i d s . '  F i g u r e  21 shows h y p o t h e s i s  under  

c o n t r o l  of p r o t o p o r p h y r i n  b i o s y n t h e s i s  and some animal  mi tochondr ia .  For  

more d e t a i l s ,  t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  o r i g i n a l  p a p e r s .  However, 

t h e s e  f i g u r e s  a r e  inc luded  t o  show t h e  importance  o f  t h e s e  compounds f o r  

b i o s y n t h e s i s  and f o r  p o s s i b l e  e x o b i o l o g i c a l  a p p l i c a t i o n s .  

akP. S .  Clezy and D. B .  Morel1,Biochem. Biophys. Acta  7l, 165 (1963) 
*akR. W .  Es tabrook ,  "Cytochromes Cooled i n  L iqu id  N i t r o g e n , "  Haematin 

Enzymes, E d i t e d  by F a l k ,  Lemberg and Morton, P a r t  2 ,  Pergamon P r e s s  
(1961) 

901. 6 ,  Mechanism of  P h o t o s y n t h e s i s ,  e d i t e d  by Tamiya, 1963 Pergamon 
P r e s s  
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TABLE 11 

***A mixture of the 2- and 4-isomers. 

+~ubstituents on the 2-, 4- and 8-positions are hydroxyalkyl, extended v i n y l  and fo rmyl ,  
respectively. Other positions are substituted as for deuterohaematin. 



TABLE 111 

ABSORPTION MAXIMA OF HAEXIN CHLORIDES AND ALKALINE &EMATINS 

I Haemin Chlorides Alkaline Haematins I 

Haemin Absorption Maxima (ny) Maxima (q&) \ 8 

S ' I 

S IV I11 I I S/S1 S 11 I i 

2-Formyl-4-vinyl deuterohaemin 
(chlorocruorohaemin) 

2,4-Divinyldeuterohaemin (protohaemin) 381/2 407 512 539/40 585 399 570 595/600 1 

! 

2,4-Diethyldeuterohaemin (mesohaernin) 370 397 506/8 534 5 85 392 564 590 I 

Deu t erohaemin 

-k i 
Substituents affecting spectrum are 4-vinyl (extended) and 8-formyl i 



GLYCINE +PYRIDBXAL-P+ SUCCINYL-CoA 
6AL SYNTWETASE 

CBQH-CW2-CH2-CO-CHpNH2 
8-AMINO If VULINIC A6i O ( Ae) 
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c,oon sn2 
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Figu re  20. B iosyn thes i s  from Glyc ine  and Succ inyl  - CoA 
t o  P ro toporphyr in ,  a Funct ion  of Mitochondria  
and of  P r o p l a s t i d s  ( a f t e r  Granick)  

7129 - F i n a l  59 





A paper by Granick and Mauzeral l  summarizes t h e  b i o s y n t h e t i c  c h a i n  

f o r  both  heme(a) and c h l o r o p h y l l ( b ) .  The g e n e r a l  s i m i l a r i t y  between 

t h e  two compounds and t h e i r  b i o s y n t h e s i s  i s  noteworthy.  Because of 

t h e  o v e r a l l  s i m i l a r  s t r u c t u r e  i t  i s  no t  s u r p r i s i n g  t h a t  t h e i r  s p e c t r a  

a r e  somewhat s i m i l a r .  G e t t i n g  back t o  t h e  s p e c t r a  of t h e  haem com- 

pounds: t h e  v i s i b l e  s p e c t r a  of t h e  haems a r e  l a r g e l y  t h o s e  of t h e  

porphyr in  r i n g .  The r a t h e r  smal l  s h i f t  observed between most meta l s  
D 

(about 5QQA) agreem w i t h  the  limited i n t e r a c t i o n  batween the localized 

meta l  c a t i o n  o r b i t a l s  and t h e  T - e l e c t r o n s  of t h e  porphyr in  r i n g ,  t h e  

l a t t e r  ( i n c l u d i n g  t h e  unshared p a i r s  on t h e  n i t r o g e n s )  be ing  r e s p o n s i b l e  

f o r  t h e  v i s i b l e  s p e c t r a .  

Fe r rous  haems show two s t r o n g  bands between 5000 and 6 0 0 d .  The f e r r i c  

i o n  causes  a  g e n e r a l  weakening of t h e  v i s i b l e  spec t rum,  t h e  l i n e s  be ing  

b roader .  Moreover t h e  a b s o r p t i o n  ex tends  t o  l o n g e r  wavelengths .  The 

band i n  t h e  r e g i o n  o f  6300i i s  thought  t o  be  due t o  a  charge  t r a n s f e r  

from t h e  l i g a n d  t o  t h e  f e r r i c  ion.  Note t h e  s t r o n g  i n t e r s t e l l a r  d i f -  

fused  a b s o r p t i o n  band a t  6 2 8 d ,  which might correspond t o  t h i s  charge  

t r a n s f e r  band. The haem complexes a l s o  have weaker bands ,  whose i n -  

t e n s i t y  i s  l e s s  t h a n  1/100 of t h e  S o r e t  band i n  t h e  r e g i o n  7000 t o  

1 5 , 0 0 d .  A 1  though f o r  a  s e r i e s  of methemoglobin compound complexes, 

i n t e n s i t i e s  comparable t o  t h e  v i s i b l e  band f o r  h i g h - s p i n  complexes 

e x i s t  . 

S i n c e  t h e r e  i s  a  c l o s e  chemical  r e l a t i o n s h i p  between t h e  haems and 

cytochromes,  i t  is  no t  s u r p r i s i n g  t h a t  t h e  a b s o r p t i o n  bands f o r  e i t h e r  

t h e  haem o r  t h e  cytochrome a r e  s i m i l a r .  For d i s c u s s i o n  of t h e  cy to -  

chromes, s e e  a r t i c l e  by Green and ~ l e i c h e r . *  The cytochromes p l a y  an 

impor tan t  r o l e  i n  t h e  e l e c t r o n  t r a n s f e r  sys tem and i n  mi tochondr ia ,  

*"Metabolic Pathways," e d i t e d  by D. M. Greenberg,  1960 Academic P r e s s ,  
p. 62 



The monomeric form of cytochrome a c o n t a i n s  two molecules  of  copper  

and one molecule  of haem per  72,000 grams. The molecular  weight of 

cytochrome b i s  about 20,000. The s p e c t r a  of cytochrome a show t w o  
0 0 

t y p i c a l  bands ,  one a t  6050A and t h e  o t h e r  S o r e t  band a t  4440A. See t h e  

work by Morel1 e t  a l ,  d e s c r i b e d  i n  .* Tables  IV and 

V, of t h i s  paper  l i s t  t h e  a b s o r p t i o n  s p e c t r a  f o r  f e r r i c  and f e r r o u s  

heme compounds as  a  f u n c t i o n  of pH and a s s o c i a t e d  compounds. The f e r r i c  
I 
4 compound c h a r a c t e r i s t i c a l l y  showsthe  haemaCi.11 band a s soc i a t ed  wick the  

c h a r g e  t r a n s f e r  band and p o s s i b l y  corresponding t o  t h e  d i f f u s e  i n t e r -  

s t e l l a r  l i n e  6284. The S o r e t  band around 4000A does no t  correspond 

w i t h  4428; however, two broad a b s o r p t i o n  peaks d i s c o v e r e d  by Herbig  

and t e n t a t i v e l y  i d e n t i f i e d  by him a s  be long ing  t o  t h e  d i f f u s e  i n t e r -  

s t e l l a r  l i n e s  would c l a r i f y  t h i s  problem. Fur thermore,  t h e  v i s i b l e  

a b s o r p t i o n  bands a t  5451 and 5778, a s  w e l l  a s  617& should  n o t  b e  

n e g l e c t e d  i n  t h e  comparison,  s i n c e  t h e  f e r r i c  haem h a s  bands c e n t e r e d  

around t h e  r e g i o n  5 8 7 d  t o  5 9 0 d ,  which would p o s s i b l y  correspond w i t h  

t h e  i n t e r s t e l l a r  5778, and t h e  f e r r o u s  haem has  c h a r a c t e r i s t i c a l l y  

weaker bands corresponding t o  t h e  5 4 5 d  i n t e r s t e l l a r  l i n e .  Again i t  

must b e  cau t ioned  t h a t  a l though  t h i s  d a t a  i s  very  s u g g e s t i v e ,  t h e  ab- 

s o r p t i o n  measurements were  t a k e n  i n  s o l u t i o n s  and n o t  i n  t h e  a p p r o p r i a t e  

s m a l l  g r a i n  s t r u c t u r e  cooled t o  4OK. ( I t  i s  p lanned t o  r e p e a t  t h e s e  

measurements i n  t h e  follow-on program, p a r t i c u l a r l y  i n  Task B ,  s i n c e  

i t  i s  necessa ry  t o  p u r i f y  and s y n t h e s i z e  some of t h e s e  haem compounds.) 

* 
IUB Symposium S e r i e s ,  Vol. 19 , e d i t e d  by F a l k ,  Lemberg and Morten,  
Bart I, Pergamon P r e s s ,  1961 



TABLE I V  

FERRIC HAEMATIN a COMPOUNDS 
h i n  w I  i n  p a r e n t h e s e s  approximate  em 

Compound o f  haemat in  a w i t h  PH Buf fe r  A l k a l i n e  

OH- 1 3  0.1 N NaOH 635 (9.5) 
9.0 0 . 0 5 M b o r a t e  630(8.9) 
7.5 0.05 M b a r b i t a l  635(7.9)  

P y r i d i n e  (20% 1 1 1 0.1  N NaOH 635 (7.9) 
0.05 M b o r a t e  635(7.2) 
w a t e r  - 

4-Methyl imidazole  (2%) 9.0 0.05 M b o r a t e  - 

N a t i v e  human g l o b i n  (1%) 9.0 0.05 M b o r a t e  635 (6.9) 
0.2 M Na HPO 635 (8.0) 

HRP-apoperoxidase (0,5'Y,) 9.0 0.05 M b o r a t e  640(8.5) 

Human serum albumin (0.5%) 0.05 M b o r a t e  635 (7.9) I 1 0.05 M b a r b i t a l  1 630(8.8)  

Ox serum albumin ( c r y s  t )  (0.5%) 7.5 0.05 M b a r b i t a l  635(8.8)  

A l k a l i - d e n a t u r e d  &man g l o b i n  13  0 . 1  N NaOH 635 (6 .6)  
(0.5%) 

A l k a l i - d e n a t u r e d  ox serum g l o b i n  13 0 .1  N NaOH 630 (8.4)  
(0.5X) 

F e r r  i 
haemo- 
chrome 

band 

Weak 
bands 

none 
none 
none 

none 

none 
t o  530 

540 (10.9)  

548(12.0) 

none 
none 

none -- 
none 
none 

none 

none 

none 



TABLE V 

I Sorer  (y) Ratio 
Buf Eer a- band bands  1 band I i 

P y r i d i n e  (20% v/v) 
0 
d 

P y r i d i n e  (207. v /v)  + CO 

I 4-Methyl imidazole (27.) 

4-Methyl imidazole (22) } + C O  

NH3 (2%) 

I Cyanide (0 .1  M) 

Nat ive  human g lob in  I .- (1x1 

Nat ive  hunan g lob in  1 9 1 0.05 M bora t e  602-S(22.0) I / n o n e  1 4 3 2 ( 1 2 0 -  
. . I I I I 1 I 

Apoperoxidase (0.57.) 9 0 - 0 5  M bora t e  1 596(15.6) none 1 441(93) 1 5.9 
I I I I , 

Apoperoxidase (0.52) 9 0.05 M bora t e  601(14.8) 550(10.8) 432(93) 6 .3  
+ CO . . 

Human serum albmin 9 0.05 M bora t e  590(20.3) 
(0- 5%) 



3 . 3  SPECTROSCOPY OF CARBON VAPOR 

While some of t h e  t h e o r i e s  on i n t e r s t e l l a r  g r a i n s  a r e  o u t l i n e d  i n  

T e c h n i c a l  Report  I ,  i t  might be worthwhi le  t o  review a t  t h i s  p o i n t  t h e  

s i t u a t i o n  w i t h  g r a p h i t e  and a l l  carbon-vapor d e p o s i t e d  on r a r e  gas  

m a t r i c e s ,  s i n c e  t h e  g r a p h i t e  h y p o t h e s i s  i s  i n  vogue a t  t h e  p r e s e n t  t ime .  

>k 
R e f e r r i n g  t o  a  paper by Wel tner  e t  a 1  , we reproduce t h e i r  c u r v e s  

showing t h e  a b s o r p t i o n  s p e c t r a  of  carbon vapor i n  neon and a rgon  
0 

m a t r i c e s  a t  4  I< ( F i g .  22). Note t h a t  none of t h e  a b s o r p t i o n  l i n e s  

cor responds  even remote ly  w i t h  t h e  d i f f u s e d  i n t e r s t e l l a r  l i n e s ,  a l -  

though t h e  sha rpness  o f  t h e  l i n e s  shows up i n t e r e s t i n g l y  enough. 

Fur the rmore ,  t h e  e f f e c t  of  s u b s t r a t e  m a t r i x  on t h e  p o s i t i o n  o f  t h e  

a b s o r p t i o n  band i s  r a t h e r  s e v e r e ,  a s  shown i n  Tab le  V I ,  where compari- 

s o n s  a r e  made f o r  neon,  a rgon ,  and xenon, showing t h a t  t h e s e  m a t r i x  

s h i f t s  cou ld  be a s  much a s  1 0 0 i .  It i s  ha rd  t o  s e e  how any t h e o r y  i s  

t e n a b l e  t h a t  r e l i e s  on i m p u r i t y  atoms d e p o s i t e d  i n  m a t r i c e s  i n  view 

of t h e s e  l a r g e  p o s s i b l e  s h i f t s  t h a t  cou ld  be o b t a i n e d .  

TABLE VI 

SWAN-BAND TRANSITIONS OF C2 I N  SNFRT-GAS MATRICES AT 4 ' ~  

Observed t r a n s i t i o n  

M a t r i x  ( 0  ' -0") (A) 1 -  , b ~ ' + ( c m - l )  

gasa  5165 4737 1750 

neon 5110 4616 2094 
b  

a  r eon 5202 4700 2053 
C 

xenon 5270 4781 1940 

a  
G . I Ierzberg ,  
Diatomic Molecules  (D. Van Nostrand Company, I n c . ,  New York, 1950) 

M .  McCarty and G .  W .  Robinson ( 3 .  Chim. Phys.  723 (1959)) found 
5207 and 4727i  i n  argon 

C 
M .  McCarty and G. W .  Robinson,  Mol. Phys ,  - 2 ,  415 (1959) 

W ,  Wel tner  e t  a l ,  3. Chem. Phys .  - 40,  1299 (1964) 





3.4 SPECTRA FROM RARE- EARTH IONS 

F i g u r e  2 3  shows the  energy l e v e l  diagram f o r  r a r e - e a r t l i  i o n s  i n  anhydrous 

c l i l o r i d e s ,  taken from G .  H .  Dieke. I t  shows many p o t e n t i a l l y  narrow 

l i n e s  p o s s i b l e  from t h e s e  r a r e - e a r t h  compounds. Although no p r e c i s e  

match w i t h  t h e  d i f f u s e  i n t e r s t e l l a r  l i n e s  h a s  been found u s i n g  t h e s e  

i o n s ,  t h e  main reason  f o r e x c l u d i n g t h c s c  i o n s  f o r  components i n  t h e  

i n t a r s t e l l a r  d u s t  p a r t i c l e s  Fn b a s e d  on the fact :  ehae  tE~c cosmic 

abundance i s  s o  v e r y  low ( s e e  Repor t  No. 1)  and ,  t o o ,  t h e  o s c i l l a t o r  

s t r e n g t h s f o r  t h e  t r a n s i t i o n s  a r e  g e n e r a l l y  low. We i n c l u d e  t h i s  i n -  

fo rmat ion  f o r  t h e  sake of  completeness ,  i n  t h e  u n l i k e l y  e v e n t  t h a t  

some u n f o r e s e e n ,  anomalous h i g h  r a r e  e a r t h  abundance i n  t h e  i n t e r s t e l l a r  

medium cou ld  e x i s t ,  perhaps  a s  a  r e s u l t  o f  f i s s i o n  r e a c t i o n s .  



F i g u r e  23.  Energy Levels  of t h e  T r i v a l e n t  Rare-Ear th  Ions  a s  Found 
f o r  T h e i r  Anhydrous Chlor ides  

7129-Final 6 8 



SECTION 4 

DIFFUSE INTERSTELISLR LINES AND THE INTERSTELLAR DUST GRAINS 

A d i s c u s s i o n  of t h e  b a s i c  p r o p e r t i e s  of t h e  d u s t  g r a i n s  a s  w e l l  a s  

r e f e r e n c e s  was g iven  i n  S c i e n t i f i c  Report No. 1. F i g u r e  2 4 ,  k i n d l y  

s u p p l i e d  by D r .  G.  Herb ig ,  shows p a r t  of t h e  spectrum of 6  h o t  back- 

ground s t a r s  w i t h  s p e c t r a l  d e s i g n a t i o n  rang ing  from b l u e  06 t o  essen-  

t i a l l y  w h i t e  B7.  These s t a r s  were chosen mainly because  of t h e i r  

g r e a t  i n t r i n s i c  b r i g h t n e s s  and consequent l i m i t e d  s t e l l a r  s p e c t r a l  

l i n e s .  Superimposed on t h e  s t a r s '  spectrum a r e  t h e  i n t e r s t e l l a r  l i n e s  

and bands. The s h a r p  i n t e r s t e l l a r  Ha D l i n e s  a r e  used a s  a  frequency 

r e f e r e n c e ,  a l lowing  t h e  Doppler s h i f t s  due t o  t h e  random v e l o c i t i e s  

o f  t h e  i n t e r s t e l l a r  d u s t  c louds  t o  be  s u b t r a c t e d .  The s t r o n g e s t  d i f -  

f u s e  l i n e  a t  4 4 2 d  does n o t  appear  on t h i s  photograph;  however, t h e  

n e x t  s t r o n g e s t  l i n e s  a t  57801 and 6284 i  appear  q u i t e  c l e a r l y .  





4.1 TKE KRAMER-KRONIG RELATIONS AND THE INTERSTELLAR DUST 

I n  t h i s  s e c t i o n  we w i s h  t o  d i s c u s s  the  r e l a t i o n s h i p  between a b s o r p t i o n  

and d i s p e r s i o n .  Although t h e  a b s o r p t i o n  measurements p l a y  a  dominant 

r o l e  i n  t h e  i n t e r p r e t a t i o n  and a n a i y s i s  of t h e  d u s t  g r a i n s ,  one u s u a l l y  

n e g l e c t s  t h e  f a c t  t h a t  a b s o r p t i o n  and d i s p e r s i o n  a r e  connected v i a  t h e  

Kramer-Kronig r e l a t i o n s .  

where 

M = D i e l e c t i v e  c o n s t a n t  

y = Absorp t ion  c o e f f i c i e n t  

Unpublished d a t a ,  k i n d l y  made a v a i l a b l e  by D r .  C .  R .  0 ' ~ e l l  o f  Yerkes Ob- 

s e r v a t o r y ,  and shown i n  F i g . 2 5 , c o m p r i s e s  r e f l e c t i o n  d a t a  from an ex- 

tended d u s t  c l o u d ,  i l l u m i n a t e d  i n  t h e  f o r e f r o n t  by a  h i g h l y  luminous s t a r .  

The emiss ion  f e a t u r e s  a t  4340,  4387,  and 4471 a r e  s e e n  q u i t e  c l e a r l y .  

The p o s i t i o n  of  a n  expec ted  f e a t u r e  a t  4430 i s  shown by an arrow. S ince  

t h e  r e f l e c t i o n  c o e f f i c i e n t  R i s  g iven  by the  f o l l o w i n g  formula ,  

then  t h e  ltnowledge of the  r e a l  and imaginary  p a r t s ,  n  and m y  of  t h e  

r e f l e c t i v e  index can  be used t o  compute t h e  r e f l e c t i o n  c o e f f i c i e n t .  The 

d a t a  u n f o r t u n a t e l y  i s  i n c o n c l u s i v e  b u t  s u g g e s t i v e  t h a t  such a f e a t u r e  cou ld  

e x i s t  i n  t h i s  r e f l e c t i v e  d u s t  c l o u d .  A s i g n a l - t o - n o i s e  improvement by 

a  f a c t o r  of t h r e e  would be n e c e s s a r y  t o  make an unambiguous ass ignment .  

I f  t h i s  would be t h e  c a s e ,  one cou ld  then  deduce from exper imenta l  d a t a  

t h a t  of t h e  d u s t ,  and n o t  i m p u r i t i e s  imbedded i n  t h e  







4 . 2  O R I G I N  OF INTERSTELLAR DUST 

The theory  t h a t  we propose on t h e  o r i g i n  

connected w i t h  t h e  M-type v a r i a b l e  s t a r s  

of t h e  i n t e r s t e l l a r  d u s t  i s  

These s t a r s  can b e  surrounded 

by s h e l l - l i k e  s t r u c t u r e s  and a r e  a s s o c i a t e d  w i t h  extreme v a r i a t i o n s  i n  

l i g h t  i n t e n s i t y ,  p o l a r i z a t i o n ,  and t h e  a n g l e  t h a t  t h i s  p o l a r i z a t i o n  

v e c t o r  makes as a f u n c t i o n  of time.* The d e t a i l s  of t h i s  model w i l l  be 

o u t l i n e d  i n  g r e a t e r  d e t a i l  i n  Phase II of t h e  follow-on program. How- 

e v e r ,  w e  s h a l l  s k e t c h  o u t  t h e  main o u t l i n e s  o f  t h e  theory i n  t h i s  r e p o r t .  

We suppose t h a t  t h e  c e n t r a l ,  M-type v a r i a b l e  s t a r  emi t s  ca rbon ,  hydro- 

gen,  n i t r o g e n ,  and o t h e r  atoms i n  a  manner s i m i l a r  t o  t h a t  of t h e  s o l a r  

wind. Th is  molecular  beam and atomic g a s  s t reaming  w i l l  a l low conden- 

s a t i o n s  t o  t a k e  p l a c e  on c o o l e r  p o r t i o n s  of t h e  i n s i d e  of t h e  s h e l l  sur- 

rounding t h e  s tar .  The s h e l l  of  t h e  s t a r  can obv ious ly  no t  b e  s o l i d ,  

s i n c e  p a t h s  must be al lowed f o r  v e n t i n g  t h e  l a r g e  amount o f  r a d i a t i o n  

produced by t h e  M-type s t a r .  Fur thermore,  l a r g e  t empera tu re  v a r i a t i o n s  

must be p r e s e n t  on t h i s  s h e l l - - h o t  on t h e  i n s i d e  and cool  on t h e  o u t -  

s ide--and s i n c e  it is  porous ,  i t  w i l l  presumably a l low f o r  v a r i a t i o n s  

i n  p o s s i b l e  a c c r e t i o n  and growth mecba6isms. The i n t e r s t e l l a r  g r a i n s  

formed on t h e s e  s h e l l s  a r e  blown o£f p e r i o d i c a l l y  (whether because  of 

t h e  p e r i o d i c  M-type s t a r  i n s t a b i l i t y  o r  a s  a  . r e s u l t  of  c logg ing  u p  of 

t h e  pores  of t h e  s h e l l ,  o r  bo th ) .  I n  any e v e n t ,  i t  looks ve ry  promis- 

i n g  a t  t h e  moment t h a t  t h i s  t y p e  of s h e l l  s t r u c t u r e  could  b e  surround-  

i n g  t h e s e  c o o l e r  M-type s t a r s ,  p a r t i c u l a r l y  s i n c e  t h e  i n f r a r e d  r a d i a -  

t i o n  t h a t  i s  being as t ronomica l ly  observed i s  thought  t o  be  due t o  t h e  

l a r g e  d u s t  c louds  surrounding a  c e n t r a l  s t a r .  The f a c t  t h a t  p o l a r i z a -  

t i o n  of s t a r l i g h t  on t h e s e  o b j e c t s  can be observed is  a  d i s t i n c t  c h a r -  

a c t e r i s t i c  o f  t h e  d u s t  g r a i n s *  The mechanism f o r  l i n i n g  up t h e s e  d u s t  

g r a i n s  s t i l l  needs t o  be worked o u t .  It could  p o s s i b l y  be due t o  t h e  

c e n t r a l  s t a r ' s  own magnetic f i e l d .  

* 
8. R. Zappala,  "F luc tua t ing  P o l a r i z a t i o n  i n  Long-Period V a r i a b l e  
S t a r s , "  Ape J. , 1967 (See F igs .  26 and 27 f o r  da t a  from t h i s  paper) 
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Figure 26. Polar imet r ic  Observation of S ix  Variables ,  
Error  Bars Ind ica t e  Standard Deviations 



F i g u r e  27 .  P o l a r i m e t r i c  Obse rva t ions  of  S i x  V a r i a b l e s .  
Dashed-Er ro r  Bar f o r  QV I n d i c a t e s  an  E r r o r  
i n  P o l a r i z a t i o n  Large r  Than t h e  P o l a r i z a t i o n  
I t s e l f  



Jc 
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  some of t h e  ER s t a r s  do indeed have 

i n t e n s i t y  v a r i a t i o n s  w i t h  pe r iods  g r e a t e r  t h a n  400 days and a r e  i n  f a c t  
** 

known (M) Mira-type v a r i a b l e s .  

A t h e o r e t i c a l  model developed by S t e i n  d e s c r i b e s  i n f r a r e d  emiss ion by a  

c i r c u m s t e l l a r  d u s t  c loud .  I f  t h e  f l u x  from t h e  s t a r  a t  t h e  e a r t h  i s  

g iven  by 

and t h e  energy (B ) r e c e i v e d  a t  t h e  e a r t h  p e r  u n i t  wavelength  i n t e r v a l  
c l  

from a s h e l l  of t h i c k n e s s  dR a t  a  d i s t a n c e  R from t h e  s t a r  
1 I 

t h e n ,  a  s e t  of pa ramet r i c  curves  can  b e  drawn f o r  v a r i o u s  s h e l l  r a d i i  R 

a s  shown i n  F ig .  28 t a k e n  from S t e i n .  

F(h,T ) i s  t h e  energy per  s q  cm per  s e c  p e r  u n i t  wavelength e m i t t e d  by 
P  

t h e  d u s t  g r a i n .  

D = d i s t a n c e  from e a r t h  t o  s t a r  , 

2  
4161 ndR = number of g r a i n s  of r a d i u s  r i n  t h e  s h e l l  

Rmax 
n  -- 

0 R 
where R 

max 
r a d i u s  of c i r c u m s t e l l a r  c loud 

n  = number d e n s i t y  of p a r t i c l e s  of s i z e  r a t  d i s t a n c e  R 
0 

from t h e  s t a r  max 

* 
See ,  e .g . ,  H. L. Johnson, F. J. Low, and D. Ste inmetz ,  Ap. J .  142,  808 (1965) 

** - 
.. .. 

R .  F.  Wing, He Spinrad ,  and L. V. Kuhi, Ap. J. x, 117 (1966) 
B.  T. U l r i c h ,  G. Neugebauer, D. McCammon, R. B. Leighton,  E. E ,  Hughes, and 
E ,  Beck l in ,  Ap. J. 146,  288 (1966) - 



Figure  28. The Ra t io  of t h e  Brightness  of t h e  Circumstel lar  Cloud 
t o  t h e  S t e l l a r  Brightness  a s  a  Function of Wavelength 
f o r  a  S t a r  w i th  T = 1 0 , 0 0 0 ~ ~ ;  N i s  t h e  Density of 
Grains wi th  Radius 2 . 5 ~  a t  a  ~ i g t a n c e  R from t h e  S t a r  

max 

lMAG EXCESS 



The conclusion reached by S t e i n  was t h a t  i f  t he  dus t  dens i ty  near  t h e s e  

s t a r s  i s  of t he  order of  1000 times more dense than average i n t e r s t e l l a r  

d e n s i t y ,  then  the  W excess observed by some s t a r s  can be a t t r i b u t e d  t o  

emission by these  g ra ins .  

4.3 CONCLUDING REMARKS ON THE ASTRONOMICAL DATA 

The bulk of t h e  astronomical re ference  da t a  i s  e i t h e r  r e f e r r e d  t o  or  

discussed i n  S c i e n t i f i c  Report No. 1. Three add i t i ona l  remarks need be 

made here  : 

(1) There is  a  general  c o r r e l a t i o n  of i n t e n s i t i e s  of a l l  t h e  d i f f u s e  
* 

i n t e r s t e l l a r  l i n e s .  A s p e c i f i c  example i s  shown i n  F ig .  29 from ** 
a  f i g u r e  taken by Walker, where t h e  44303 i n t e n s i t i e s  a s  o rd i -  

na tes  (marked C on the  curve) a r e  p lo t t ed  aga ins t  t h e  5780 and 

6284 . l i n e s .  

(2) There i s  a  d i s t i n c t  p o s s i b i l i t y  t h a t  p o l a r i z a t i o n  may be a s soc i a t ed  

with t h e  4430 l i n e  (G.A.H. walker) .  This would be an important 

c l u e ,  cons i s t en t  wi th  known porphyrin da t a .  This point  needs 

f u r t h e r  s tudy.  
+ 

(3) It i s  i n t e r e s t i n g  t o  note  t h a t  P l a t t  developed a  model f o r  i n t e r -  

s t e l l a r  dus t  gra ins  i n  1955 which u t i l i z e d  t h e  theory descr ibed i n  

Sec t ion  2. His model was r a t h e r  spec i a l i zed  and y ie lded  absorp t ion  

wavelengths a s  a  func t ion  of molecular diameter ,  A .  The energ ies  

were given by 

The r e s u l t  i s  p lo t t ed  i n  F ig .  30. 

* 
G ,  Herbig, p r i v a t e  communication 

dck 
G.  A .  H. Walker, M. N. E, 141 (1963) 

'John R .  P l a t r ,  A p  J. 123, 486 (1956) 
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Figure  30. F i r s t  Absorption Wavelengths versus Molecular Diameter 
P a r a l l e l  t o  t h e  Direc t ion  of Po la r i za t ion  f o r  Molecules 
wi th  Unfi l led Energy Bands 



It i s  a c u r i o u s  co inc idence  t h a t  P l a t t  p l o t s ,  f o r  one of t h e  p o i n t s ,  

t h e  PORPHYRPN molecule.  

The d i f f e r e n c e  between ~ l a t t ' s  model and ours  i s  t h a t  t h e  former was 

developed f o r  " a b s t r a c t "  p a r t i c l e s  of l e s s  than  l o &  i n  s i z e ,  whereas 

our  model r e q u i r e s  g r a i n s  c o n s i s t i n g  of a l a r g e  number of porphyr in  

type  h i ~ l d o u l a d  r ,/- 
/ ' 



SECTION 5 

ABSORPTION DATA 

I n  conc lud ing  t h i s  r e p o r t ,  a  number of pages t aken  from F a l k  a r e  pre-  

s e n t e d ,  showing t h e  main a b s o r p t i o n  bands f o r  a  number of porphyr in  

compounds a s  w e l l  a s  t h e  s t r e n g t h  of t h e  a b s o r p t i o n  band. These t a b l e s  

a r e  inc luded  t o  show t h e  d i f f e r e n c e s  r e s u l t i n g  from s o l v e n t  e f f e c t s  a s  

w e l l  a s  t h e  s l i g h t  v a r i a t i o n s  i n  t h e  chemical  formula f o r  t h e  porphyr ins .  

Note c h l o r o p h y l l  c ,  whose a b s o r p t i o n  bands a r e  v e r y  s u g g e s t i v e ,  a s  w e l l  

a s  t h e  haem wavelength.  These t a b l e s  a r e  n o t  a l l  i n c l u s i v e  b u t  o n l y  
0 

s u g g e s t i v e .  Much more d a t a  e x i s t s ,  b u t  v e r y  l i t t l e  a t  4 K. T h i s  i s  

why i t  i s  impera t ive  t o  r e p e a t  t h e s e  measurements i n  a  c o l d - f i n g e r  

arrangement ,  a s  has  been proposed i n  a  follow-on program. 



TABLE V I I  

ABSORPTION SPECTRA O F  CHLOROPHYLL DERIVATIVES 
-- - - -- - -- -- - -- -- -- - - -  - -- 

1 ( 350- 380- 400- 420- 450- 500- 520- 550- 580- 600- 650 700 Conrporurrl 
a* and &ma, 380 400 420 450 500 520 550 580 600 650 700 600 - - 

Chlorophyll a "~thcr 1 410 430 533.5 578 615 662 
a 85.2 131.5 4.22 9.27 16 3 1009 

Acctone 1 433 536 582 618 665 
(80%) a 101.5 4.78 11.6 196  9 0 8  

Chlorophyll b 

Acetone 1 
(80%) n 

Shlorophyll c 

Acetone 1 442 580 ;? 628 

Methanol 1 365 
a 59.2 

Phawphytin a "Ether . 1. 
n 

Dioxan I 
Ern M 

Methyl phaeophorbid a Dioxan 1 
Emnf 

Chlorin ns (es) 
methyl ester 

Dioxan 1 
Em 81 

Chloroporphyrrn aa Dioxan 1 506 543 576 629 
tr~rncthyl ester Embf 12.63 8.09 6.73 1.7 

- 
;? 

Smith,  J . H . C . ,  and A .  Beni tez  i n  K .  Paech and M. Tracey ( e d s  .) , Modern Methods of P l a n t  Ana lys i s ,  V O ~ .  4 ,  
S p r i n g e r ,  B e r l i n ,  1955, p .  142 
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TABLE V I I I  

P O W H Y R I N S  I N  ORGANIC SOLVENTS 

Porplrj rills ~ o l v e n t  fr l tp)  ~ o r e t  I b' 111 
- EmM - -- - 

Uro I and 1 I1 CHCla A 406 502 536 
octa methyl ester E 215 15.8 9.35 

Dioxan I 49 9 53 1 
F 15.25 9.26 

Copro 1 and 111 CHC13 A 
tetramethyl ester E 

Ether 1. 
E 

Pyridine I 
E 

Dioxan A 

Proto 1X CHCla A 407 
dimethyl ester F 171 

Ether 1 404 
F 158 

Pyridine 1. 409 
E I63 

Dioxan 1. 406 
E 164 

Deutero IX CHCla A 
dimeihyl ester E 

Ether I 
8 

Pyridine 1 
E 

Dioxan A 
2 

Meso IX CHC13 A 400 
dimethyl ester E 166 

Ether I 395.5 
E 158 

Pyridine A 401 
E 160 

Dioxan A 397 
E 166 

Haernato 1X Pyridine I 402 499.5 532 
dimethyl ester E 175.5 14.7 9.04 

Aetio I CHCI:, A 399.5 
E 160 

Dioxan A 496 528 
E 13.6 9.5 

2(4)-Monoformyl- 
deutero lX Ether I 
dimethyl ester CHC13 I 

Ratios 
Dioxan R 

Ratios 

2,4-Diformyl- 
deutero IX Ether A 52 1 557.5 593 

t 435 526 562.5 595 
dirnethyl ester CHClj E 137.5 12.6 7.70 6.48 

Ratios 10.9 1.0 0.61 0.51 
CHCla A 437 527 563 596 

Ratios 1 0 . 1 2 .  1.0 0.58 0.47 





SECTION 6 

LITERATURE SURVEY 

INTRODUCTION 

P a r t  of t h e  c o n t r a c t u a l  requi rement  of t he  i n t e r s t e l l a r  d u s t  program 

was t o  conduct  a  comprehensive l i t e r a t u r e  survey .  S ince  t h e  e x a c t  n a t u r e  

of t h e  chemica l  compounds a s s o c i a t e d  w i t h  t h e  i n t e r s t e l l a r  d u s t  i s  un- 

known, t h e  l i b r a r y  s e a r c h  i nc luded  a  somewhat wider  f i e l d  of m a t e r i a l s  

t h a n  o r d i n a r i l y  would have been under taken .  The unde r ly ing  t heo ry  was 

a s  fo l l ows :  S ince  none of t h e  s imp le r  molecules ,  i n c l u d i n g  thousands 

of s imple  hydrocarbon compounds, show s p e c t r a  even remote ly  s u g g e s t i v e  

of i n t e r s t e l l a r  a b s o r p t i o n  l i n e  f e a t u r e s ,  i t  was dec ided  t o  c o n c e n t r a t e  

on t h e  more e l a b o r a t e  porphyr in  and r e l a t e d  compounds. The s u b j e c t s  

were e v e n t u a l l y  widened t o  i n c l u d e  n o t  on ly  t he  porphyr ins  b u t  t he  

c a r o t e n o i d s ,  p y r r o l e s ,  f l a v i n s ,  cytochromes,  and o t h e r  b iochemica l l y  

a c t i v e  compounds. The r ea son  f o r  t h i s  c h o i c e  i s  t h e  f a c t  t h a t  t h e  s p e c t r a  

of t h e s e  compounds show a b s o r p t i o n  l i n e s  i n  t h e  v i s i b l e  r e g i o n  and nea r  

t h e  uv r e g i o n ,  some of which appear  s u g g e s t i v e  a s  p o s s i b l e  c a n d i d a t e s  

f o r  t h e  i n t e r s t e l l a r  a b s o r p t i o n  l i n e s .  

I n  compi l ing  t h i s  b ib l i og raphy ,  emphasis was 'p laced on o b t a i n i n g  r e f  - 
e r e n c e s  which c o n t a i n  s p e c t r a  and,  i f  p o s s i b l e ,  s p e c t r a  t aken  a t  low 

t empe ra tu re s .  I t  soon became appa ren t  t h a t  o t h e r  f a c t o r s  i n  a d d i t i o n  

t o  tempera ture  e n t e r e d  i n t o  t h e  p o s i t i o n  of t he  maxima, namely, con- 

c e n t r a t i o n ,  pH, d rynes s ,  m a t e r i a l  p r e p a r a t i o n  and p u r i t y  w i t h  t h e  c r y s t a l -  

l i n e  o r  l i q u i d  ma t r i x  i n  which t h e  m a t e r i a l  was con t a ined ,  v ivo ,  v i t r o ,  

and sometimes even t h e  obse rve r ,  



I t  was found t h a t  a  g r e a t  d e a l  of t h e  l i t e r a t u x e  i s  wosldwide i n  o r i g i n ,  

f u r the rmore ,  s i n c e  i t  c r o s s e s  i n t o  four  d i s c i p l i n e s  (b io logy ,  chemis t ry ,  

p h y s i c s ,  and astronomy) and t he  c r o s s  f i e l d s  ( such  a s  b iochemis t ry ,  

e t c  3 t he  s e a r c h  became i n c r e a s i n g l y  d i f f i c u l t .  Converse ly ,  i t  i s  

hoped t h a t  t h i s  b i b l i o g r a p h y  may be of use  t o  e x o b i o l o g i s t s  a s  w e l l  

a s  o t h e r  workers i n  t h e  f i e l d .  

The l i b r a r y  s e a r c h  i nc luded  o t h e r  phenomena r e l a t e d  t o  t h e s e  compounds 

such  a s  ESR, EPR, NMR, f l u o r e s c e n c e ,  i n f r a r e d  s p e c t r a ,  pho tosyn thes i s ,  

and biochemical  p roces se s .  S ince  t h e  amount of m a t e r i a l  ob t a ined  

would, i n  i t s e l f ,  c o n s t i t u t e  a  r e p o r t  of some b u l k ,  some s e l e c t i o n  

was e x e r c i s e d  i n  t h e  cho i ce  of r e f e r e n c e s  c i t e d .  

WARNING : 

The presence  i n  t h i s  l i t e r a t u r e  survey  of  a  l a r g e  
number of b iochemica l ly  a c t i v e  m a t e r i a l s  does n o t  
n e c e s s a r i l y  imply t h a t  they shou ld  a l l ,  o r  any of 
them, be p r e s e n t  a s  c o n s t i t u e n t s  of i n t e r s t e l l a r  
d u s t .  The r e f e r e n c e s  were used such t h a t  t h e  
s p e c t r a  could  be ana lyzed  and s e r v e  a s  gu idepos t s  
f o r  f u r t h e r  comparison and r e s e a r c h ,  u s i n g  t he  
known d i f f u s e  i n t e r s t e l l a r  l i n e s  a s  t ouchs tones  
th roughout  t he  s e a r c h .  A more d e t a i l e d  d i s c u s s  i on  
of  t h e s e  p o i n t s  is  con t a ined  i n  S e c t i o n  3 .  

A l l  a b s t r a c t s  were o b t a i n e d  from the  Chemical A b s t r a c t s  and a r e  de s ig -  

na t ed  i n  t h e  righ't  upper co rne r  i n  o rde r  of volume, page and y e a r .  

The numbers above t he  CA r e f e r e n c e  r e f e r  t o  t he  s u b j e c t  index of t h i s  

b i b l i o g r a p h y  ( s e e  k e y ) .  The m a t e r i a l  was d i v i d e d  i n t o  18  c a t e g o r i e s  

i n v o l v i n g  measurement t e chn iques ,  compounds and t h e o r y .  S u b j e c t s  which 

d i d  no t  f i t  any c a t e g o r y  were p laced  i n  c a t e g o r y  No. 13 ( g e n e r a l ) .  Two 

o r  more c a t e g o r i e s  a r e  u s u a l l y  used t o  d e s c r i b e  t h e  c o n t e n t  of t h e  



a r t i c l e .  Although a v e r y  e x h a u s t i v e  l i t e r a t u r e  s e a r c h  was under taken ,  

some s e l e c t i o n  was c x e r c i s e d  f o r  f i n a l  i n s e r t i o n  i n  t h i s  c o m p i l a t i o n ,  

E n t r i e s  u p  t o  December 1366 a r e  i n c l u d e d .  

Aclcnowledgement: The a u t h o r  wishes  t o  acknowledge h i s  i n d e b t e d n e s s  t o  

Mrs. Palma Marcon and M r .  F .  Wilson of t h e  EOS L i b r a r y  f o r  t h e i r  con- 

t r i b u t i o n s  and d e v o t i o n  t o  t h i s  t a s k ;  w i t h o u t  t h e i r  h e l p  and coopera-  

t i o n  i n  o b t a i n i n g  c o p i e s  of each a,rf&cle c i t e d ,  t h i s  Herculean e f f o r t  

c o u l d  no t  have been comple ted .  J 
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A l b r e c h t ,  Andreas 

J o l a r i z a t i o n s  and ass ignments  of t r a n s i t i o n s :  the  method of photo- 
(Corne l l  Univ . ,  I t h a c a ,  N.Y.). J. Mol. Spect roscopy 

6 ,  84-108 (1961).  An o u t l i n e  i s  g i v e n  of  t h e  t h e o r y ,  which u n d e r l i e s  
t h e  concept  of  t h e  p o l a r i z a t i o n  of  a n  e l e c t r o n i c  t r a n s i t i o n ,  Nuclear-  
coord ina te -dependen t  e l e c t r o n i c  f u n c t i o n s  a r e  employed t o  b r i n g  o u t  
t h e  s i g n i f i c a n c e  of mixed p o l a r i z a t i o n  i n  a n  e l e c t r o n i c  a b s o r p t i o n  o r  
emiss ion  band. The method of  p h o t o s e l e c t i o n  i n c l u d e s  p o l a r i z e d  emis- 
s i o n  s t u d i e s  and p o l a r i z e d  pho tochemis t ry .  The theory underlying the  
method i s  o u t l i n e d .  A t a b l e  of  i d e a l  o r i e n t a t i o n  r a t i o s  f o r  a  v a r i e t y  
of  c o n d i t i o n s  i s  p resen ted .  P r a c t i c a l  a p p l i c a t i o n  of t h e  theory  i s  
examined and i t  i s  shown how (and under what c o n d i t i o n s )  i t  i s  p o s s i -  
b l e  t o  r e l a t e  g r o s s  o b s e r v a t i o n s  t o  i n t r i n s i c  mol. a n i s o t r o p y  of  
a b s o r p t i o n  ( o r  e m i s s i o n ) .  Two s p e c i f i c  examples a r e  a n a l y z e d ,  1 i n -  
v o l v i n g  p o l a r i z e d  emiss ion ,  the  o t h e r  p o l a r i z e d  photochemis t ry .  When 
p o l a r i z a t i o n  of  phosphorescence and f l u o r e s c e n c e  measurements a r e  made 
t o g e t h e r ,  a d d n l .  i n f o r m a t i o n  can be p rov ided  w i t h  r e g a r d  t o  a n i s o t r o p y  
i n  a b s o r p t i o n ,  which i s  n o t  a v a i l a b l e  when on ly  1 of t h e  2  types  o f  
measurements i s  made. 

A l l e n ,  Wallace and La t imer ,  Paul 

Anomalous d i s p e r s i o n  of @-caro tene  s o l u t i o n s .  (Vanderb i l t  Univ., 
N a s h v i l l e ,  Tenn.) .  J. Opt. Soc. Am. 52 ,  192-6 (1962). R e f r a c t i v e  
indexes  were d e t d .  by measurement of  r e f l e c t a n c e  a t  a  g l a s s  l i q u i d  
i n t e r f a c e ,  t r a n s m i t t a n c e  of  the  l i q u i d s ,  and c a l e n .  of  r e l a t i v e  i n -  
dexes  from a  r e f l e c t i o n  e q u a t i o n .  The s p e c t r a l  r e g i o n  o f  4000-5890 
A.  i n c l u d e s  4  a b s o r p t i o n  bands of  $ -ca ro tene .  

A l l i s o n ,  J e a n  B. and Becker,  Ralph S. 

E f f e c t  of  m e t a l  atom p e r t u r b a t i o n s  on t h e  luminescent  s p e c t r a  of 
porphvr ins .  (Univ. of Houston, Houston,  T e x . ) .  J .  Chem. Phys. 32,  
1410-17 (1960).  The low-temp. emiss ion  s p e c t r a  of t h e  d imethyl  e s t e r  
of  mesoporphyr in  I X  and i t s  b i v a l e n t  d e r i v s .  of  Co, N i ,  Cu, Zn, Pd, 
Cd, and Ba were o b t a i n e d .  Mg e t i o p o r p h y r i n  I1 and Zn ph tha locyan ine  
were a l s o  i n v e s t i g a t e d .  The b i v a l e n t  Ag mesoporphyrin was a l s o  
s t u d i e d ,  b u t  no luminescence was o b t a i n e d .  C o n s i d e r a t i o n s  of  t h e  
r e l a t i v e  l i f e t i m e s  o f  f l u o r e s c e n c e  and phosphorescence of  t h e  v a r i o u s  
d e r i v s .  p e r m i t  q u a l .  d e d u c t i o n s  t o  be made r e g a r d i n g  magnet ic  s u s c e p t i -  
b i l i t y .  Anomalous emiss ion  c h a r a c t e r i s t i c s  o f  s e v e r a l  of  t h e  m e t a l l o -  
p o r p h y r i n s  were t e n t a t i v e l y  i n t e r p r e t e d  i n  terms of c r o s s i n g  o f  a 1st 
e x c i t e d  s t a t e  and t h e  ground s t a t e ,  



Anderson,  A .  

. (Univ, o f  C a l i f o r n i a ,  
Berke ley) .  U . S ,  A t .  Energy Cornm. UCRL-10951, 145 p p .  (1963).  C r y s t ,  
c h l o r o p h y l l  a  and Me c h l o r o p h y l l i d e  a were prepd.  by column chroma- 
tography on powd. po lye thy lene  and (o$ s u c r o s e .  Changes i n  t h e  
shapes  of the  r e d  and b l u e  bands of  the  c h l o r o p h y l l  a  i n  CC14 s o l n .  
occur red  a t  d i f f e r e n t  concns.  and sugges ted  t h e  e x i s t e n c e ,  i n  concd. 
s o l n s . ,  o f  n o n s p e c i f i e d  s o l u t e - s o l u t e  i n t e r a c t - i o n s .  Sngrarod s p e e t r a  
o r  c h l o r o p k y l l s  a  and b  i n  nonpolar  s o l v e n t s  r e v e a l e d  weak ca rbony l -  
Mg i n t e r a c t i o n s .  NMR s p e c t r a  of c h l o r o p h y l l s  a and b  and of Me 
pheophorbide a a r e  g iven .  Chem. s h i f t s  o f  6 = 7.5-5.95 and 6 = 8.5-8.1 
were found f o r  t h e  p ro tons  a t  C-10 and a t  t h e  6 b r i d g e  carbon atom. 
P r e l i m i n a r y  e l e c t r o n  s p i n  resonance s t u d i e s  on p l a n t  e x t s .  and c h l o r o -  
p h y l l  a showed H20 t o  be r e q u i s i t e  t o  t h e  p r o d u c t i o n  of  s i g n a l s  from 
the  e x t s .  and t h e  p u r i t y  of  t h e  c h l o r o p h y l l  a  t o  a f f e c t  t h e  s i g n a l  ob- 
t a i n e d .  

Anderson,  A.  F.  H. and C a l v i n ,  Melvin 

Improved method f o r  t h e s e p a r a t i o n  and p u r i f i c a t i o n  of  c h l o r o p h y l l  a .  
( ~ k i v .  of  C a l i f o r n i a ,  Berke ley) .  Nature 194,  285-6 (1962).  Spinach 
(200 g)  i s  e x t d .  w i t h  500 m l .  ace tone  and d i l d .  w i t h  w a t e r  t o  g ive  a n  
80% wate r -ace tone  s o l n .  The e x t .  i s  chromatographed on a  5  cm g l a s s  
column packed w i t h  1000 m l .  p o l y e t h y l e n e  (Dow M 1 < 2) and washed w i t h  
70% aq .  a c e t o n e  t o  remove the  bottom l a y e r  o f  x a n t h o p h y l l .  Chloro- 
p h y l l ~  a  and b  e l u t e d  w i t h  85% aq .  ace tone  a r e  e x t d .  w i t h  i s o o c t a n e  
and d r i e d  on Na2S04. The s o l n .  i s  then  chromatographed on a  5-cm 
g l a s s  column packed w i t h  1000 m l .  of c o n f e c t i o n e r ' s  s u g a r  and e l u t e d  
w i t h  0.5% PrOH i n  i s o o c t a n e ,  y i e l d i n g  c h l o r o p h y l l  a ,  which i s  r e f r i g e r -  
a t e d  t o  c r y s t a l l i z e .  The powder has  a d e f i n e d  x-ray p a t t e r n  and spec-  
trum a t  740 rnp. Y i e l d  i s  40 mg. 

Anderson,  Joan Mary 

Research i n  p h o t o s y n t h e s i s .  I.  B i o s y n t h e t i c  s t u d i e s  on t h e  c h l o r o -  
p h y l l ~  and c a r o t e n o i d s  of  a l ~ a e .  (Univ. o f  C a l i f o r n i a ,  Berke ley) .  
U.S. A t .  Energy Comrn. UCRL-8870, 1-113 (1959)"  



Anderson, J, M a ;  B l a s s ,  U, and 
C a l v i n ,  Melvin 

B i o s y n t h e s i s  and p o s s i b l e  r e l a t i o n s  among t h e  c a r o t e n o i d s  and between 
c h l o r o p h y l l s  a  and b .  (Univ. of C a l i f o r n i a ,  Berke ley) .  I b i d .  215-25. 
Comparative Biochemist ry  of P h o t o r e a c t i v e  Systems (V.1 o f  Symposia on 
Comparative Biology) Mary B e l l e  A l l e n ,  e d . ,  New York Academic P r e s s ,  
1960. 

Anderson,  J. S . ,  Bradbrook, E.  F . ,  
Cook, A. H. and L i n s t e a d ,  R. P. 

Ph tha locyan ines  and a s s o c i a t e d  compounds. X I I I .  Absorp t ion  s p e c t r a .  - 
J. Chem. Soc. 1938, 1151-6; c f .  C. A. 31,  62378. The a b s o r p t i o n  spec-  
t r a  i n  t h e  v i s i b l e  r e g i o n  of ph tha locyan ine  ( I ) ,  15 o f  i t s  m e t a l l i c  
d e r i v s ,  and a  no. of a ssocd .  compds. contg .  t h e  t e t r a z a p o r p h i n  
(porphyrazine)  r i n g  have been measured. The spectrum of I i s  composed 
of a  system of a t  l e a s t  7  bands ,  t h e  main a b s o r p t i o n  o c c u r r i n g  between 
6000 and 7000 A.  

Arms t r o n g ,  J. 

S a t u r a b l e  o p t i c a l  a b s o r p t i o n  i n  phthalocyanine dyes .  ( I n t e r n .  Business  
Machines, Yorktown H e i g h t s ,  N.Y.). J. Appl. Phys. 36 (2), 471-3 (1965) 
(Eng). An e x p t l .  s t u d y  i s  r e p o r t e d  of t h e  s a t n .  of o p t i c a l  a b s o r p t i o n  
a t  6943 A .  of  chloroaluminum ph tha locyan ine  d i s s o l v e d  i n  chloronaphtha-  
l e n e  and o f  V ph tha locyan ine  d i s s o l v e d  i n  PhN02; a  g i a n t  r u b e r  l a s e r  i s  
used  a s  t h e  s o u r c e  o f  i n t e n s e  resonance r a d i a t i o n .  Th is  a b s o r p t i o n  
t r a n s i t i o n  occurs  be tween t h e  s i n g l e t  ground s t a t e  and the  lowes t -  
l y i n g  e x c i t e d  s i n g l e t  and h a s  a  molar a b s o r p t i v i t y  o f  t h e  o r d e r  o f  
300,000. 

Arnon, Daniel  I .  

C e l l - f r e e  p h o t o s y n t h e s i s  and t h e  energy-convers ion p r o c e s s .  (Univ.  of 
C a l i f o r n i a ,  Berkeley)  . I b i d .  489-565. I N :  Symposium on L i g h t  and 
L i f e ,  Johns  Hopkins U n i v e r s i t y ,  1960. L i g h t  and L i f e  ; proceed ings .  
E d i t e d  by Wil l iam D .  McElroy and B e n t l e y  G l a s s .  (Johns Hopkins 
U n i v e r s i t y .  McCollum-Pratt I n s t i t u t e .  C o n t r i b u t i o n  No. 302) 



Aronoff,  S. 

f ibsorpt ion spec t r a  of ch lorophyl l  and r e l a t e d  compounds. (Iowa S t a t e  
Co l l . ,  Ames). Chem. Revs. 47, 175-95 (1950). Absorption s p e c t r a  of 
ch lorophyl l  and homologous compds. a r e  descr ibed  q u a l i t a t i v e l y .  Br ie f  
d i scuss ions  a r e  included of the c o n t r i b u t i o n  of po la r  spec ies  t o  the 
ground staes,  the influence a2 cke @patfa1 s r i e n t a t i o n  of the  s u b s t i e -  
uent on the s p e c t r a ,  che l a t e  and a c i d  vs. f ree-base spec t r a ,  f l uo res -  
cence, and phosphorescence, and the  i n i t i a l  contemporary ana lyses  of 
the band s t r u c t u r e  . 

Aronoff,  S. 

Light  abso rp t ion  by ch lorophyl l  a t  high concent ra t ions .  (Iowa S t a t e  
Coll . ,  Ames). P l an t  Physiol .  27, 413-16 (1952); c f .  C.A. 45, 449b. 
Inc reas ing  the concn. of ch lorophyl l  i n  so lns .  d i d  not s h i f t  t he  posi-  
t i o n  of the r ed  absorp t ion  max. t o  co inc ide  wi th  t h a t  f o r  t h e  l i v i n g  
tobacco l e a f .  There i s  apparent ly  no so lven t  i n  which ch lorophyl l  
has the  same reg ion  of max, absorp t ion  a s  i t  has i n  the l e a f .  Prob- 
ab ly  ch lorophyl l  i s  assocd. wi th  some substance i n  the l e a f .  Syn- 
t h e t i c  ch lorophyl l -pro te in  complexes may a l s o  be made which e x h i b i t  
most of the so ly .  c h a r a c t e r i s t i c s  assocd. w i th  the  b i o l .  system. 

Assour, Jacques M. 

*Solvent e f f e c t s  on the s p i n  resonance s p e c t r a  6f coba l t  phthalocyanine. 
(RCA Labs.,  Pr ince ton ,  N.J.). J. Am. 'Chem. Soc. 87 (21),  4701-6 (1965) 
(Eng). A study of so lvent  e f f e c t s  on the e l e c t r o n i c  s t r u c t u r e  of the  
sq.-bonded co2+ i o n  i n  the phthalocyanine mol. was c a r r i e d  ou t  w i th  
s e v e r a l  h e t e r o c y c l i c  amines. One notable  f e a t u r e  of the E.S.R. spec- 
t r a  i s  the superhyperf ine s t r u c t u r e  a r i s i n g  from the magnetic i n t e r -  
a c t i o n  between the co2+ unpaired e l e c t r o n  and the out-of-plane so lva t -  
ing  mols. A s i g n i f i c a n t  r e s u l t  found from these  s p e c t r a  i s  the sens i -  
t i v i t y  of  the  Co bonding parameters t o  the e l e c t r o n e g a t i v i t y  of the 
so lvent .  A qua l .  comparison between the N-orb i ta l  bonding coe f f .  
measured by E.S.R. and the calcd.  charge d. a t  t he  N atom of  t h e  
s o l v a t i n g  mols. showed agreement. 



Assour ,  J. fa. and H a r r i s o n ,  S .  E .  

O p t i c a l  a b s o r p t i o n s  of ph tha locyan ines .  (RCA Lab., P r i n c e t o n ,  N.J . ) .  
J .  Am. Chem. Soc. 87 ( 3 ) ,  651-2 (1965) (Eng). The o p t i c a l  a b s o r p t i o n s  
and f l u o r e s c e n c e  s p e c t r a  of t h e  m e t a l - f r e e  (H2Pc) and Cu ph tha locya-  
n i n e  (CuPc) complexes were measured. The lma, i n  A. ,  and ( l o g  E) of  
t h e  a b s o r p t i o n  bands f o r  H2Pc i n  ch lo ronaphtha lene  a r e  6990 (4 .23) ,  
6650  (4 .19) ,  6450 (3 .71 ) ,  6360 (3.71), 6170 (3 .44) ,  6020 ( 3 . 5 4 ) ,  5760 
(2 .89) ,  and 5550 (2.59).  Addnl. bands ( t h i n  f i l m  of H2Pc) were ob- 
s e r v e d  a t  3334 and 2892 A .  F l u o r e s c e n t  bands f o r  H2Pc a r e  found a t  
6990, 7350, and 7750 A. CuPc p o s s e s s e s  a b s o r p t i o n  bands a t  Amax, 
( l o g  g ) :  6780 ( 5 . 1 ) ,  6480 (4 .36) ,  6110 (4 .39) ,  5880 (3 .57) ,  5640 
(3 .37) ,  4560 (2 .38) ,  4270 (3 .0 ) ,  and 4140 (3 .69) .  Other  bands ( t h i n  
f i l m  of CuPc) were observed a t  3292 and 2613 A .  

Assour ,  J. M. and Kahn, Wal ter  K. 

E l e c t r o n . s p i n  resonances  of qr and 0-coba l t  ph tha locyan ine ,  (Polytech.  
I n s t .  o f  Brooklyn,  New York, N.Y.). J. Am. Chem. Soc. 87 ( 2 ) ,  207-12 
(1965) (Eng).   he magnet ic  p r o p e r t i e s  o f  cy- and 8-Co phthalocyanine 
polymorphs d i l d .  m e t a l - f r e e ,  Zn, and N i  ph tha locyan ine  were i n v e s t i -  
g a t e d  by E.S.R. The s p e c t r a  of t h e  2 complexes r e v e a l  t h e  d i f f e r e n c e  
i n  t h e i r  polymorphic s t r u c t u r e s .  The Hamil tonian paramete rs ,  g  f a c -  
t o r s ,  and h y p e r f i n e  s p l i t t i n g  c o n s t s .  d e t d .  from p o l y c r y s t .  samples 
a r e  compared w i t h  s i n g l e - c r y s t a l  work: The magnet ic  moment = 

2.38 Bohr magnetons o b t a i n e d  f o r  r C o  ph tha locyan ine  a t  room temp. i s  
15% lower than  t h a t  i n  8-Co ph tha locyan ine .  The o r d e r i n g  and sepn. 
between t h e  energy l e v e l s  of co2+ a r e  d i s c u s s e d  on t h e  b a s i s  of t h e  
e x p t l .  d a t a .  

Badger, G .  M . ;  H a r r i s ,  R .  Q. N . ;  
J o n e s ,  R. A .  and S a s s e ,  ~ e n n e t h  M. 

Porphyr ins .  I .  I n t r a m o l e c u l a r  hydrogen bonding i n  pyrromethenes and 
p o r p h y r i n s .  (Univ. Ade la ide) ,  J. Chem. Soc. 1962, 4329-37. The NH 
s t r e t c h i n g  f r e q u e n c i e s  i n  some porphyr ins  were compared w i t h  those  of 
r e l a t e d  dipyrromethenes  and dipyrromethanes .  The e f f e c t  o f  n-donor 
s o l v e n t s  on the  NH-frequencies  of some s u b s t i t u t e d  p y r s o l e s  was a l s o  
s  tud ied .  



Bandow, F r i t z  

F luorescence  of adsorbed dyes ,  e s p e c i a l l y  of A c r i d i n e  Orange on a lumi-  
num ox ide .  (Max-Joseph-strasse 7 ,  Mannheim, Ger . ) .  Z .  physik.  Chem. 
(Frankfur t )  [N.F. ] 1, 63-8 (1954). The c o l o r  o f  f l u o r e s c e n c e  o f  

A c r i d i n e  Orange (I) on A1203 g r e a t l y  depends upon the  H20 c o n t e n t s  of 
the  u s e d  dye prepno.  The assocd. complexes of X, the  fo rmat ion  of 
which i s  favored  by t h e  presence o f  H20, show r e d  emiss ion  c o l o r  which 
changes i n t o  t h e  g r e e n  c o l o r  of t h e  nonassocd. s i n g l e  mols. o r  i o n s  on 
d r y i n g ,  h e a t i n g ,  and most e a s i l y  on addn. of n o n e l u t i n g  o rg .  s o l v e n t s  
(e.g.  CgHg, MeOH, EtOH, Et20,  Me2C0, g l y c e r o l ,  p a r a f f i n  o i l ,  C C l 4 ,  
CHC1-j). The concn. o f  t h e  dye on the  a d s o r b e n t  i s  n o t  a l t e r e d  by t h i s  
t r e a t m e n t ,  S i m i l a r  o b s e r v a t i o n s  were made w i t h  hematoporphyrin,  
q u i n i n e  s u l f a t e ,  t h i o f l a v i n e ,  t r y p a f l a v i n e ,  Rose Bengal, luminol ,  
pyron ine ,  2,7-dim o-6-aminoacr idine ,  and c h l o r o p h y l l .  

B a n n i s t e r ,  T.  and B e r n a r d i n i ,  J. E. 1, 15 
CA 60-7068d (1964) 

P h y s i c a l  and photochemical  p r o p e r t i e s  of a  f l u o r e s c e n t  c h l o r o p h y l l  
c o l l o i d .  (Univ. o f  Roches te r ,  Roches te r ,  N.Y.). Photochem. Pho tob io l .  
2  ( 4 ) ,  535-49 (1963). A f l u o r e s c e n t  c o l l o i d  o f  c h l o r o p h y l l  a ,  prepd.  
i n  n e u t r a l  phosphate b u f f e r  contg .  0.1-8.0% Tween 20 (polyoxyethylene 
s o r b i t a n  monos tea ra te ) ,  was s t a b l e  i n  t h e  d a r k ,  had a n  a b s o r p t i o n  max. 
a t  668 mp. The c o l l o i d  s e n s i t i z e d  au tox idn .  of p- to luenediamine which 
was independent  of d e t e r g e n t  and c h l o r o p h y l l  concns. ,  b u t  dependent on  
l i g h t  i n t e n s i t y  and s u b s t r a t e  concn. Except f o r  dependence on i l l u m i -  
n a t i o n ,  t h e  p r o p e r t i e s  o f  t h e  c o l l o i d  were t h e  same a s  those  o f  d i s -  
s o l v e d  c h l o r o p h y l l .  

Bar,  F . ;  Lang, H . ;  Schnabel ,  E. 
and Kuhn, H. 

D i r e c t i o n  of t r a n s i t i o n .  moments o f  a_bs_orpt-ion - - - bands - - - .- - of ph tha locyan ines  
(Univ. 

n  app. i s  
d e s c r i b e d  f o r  t h e  measurement of theti'd&ree of p o l a r i z a t i o n ,  p, a s  a  
f u n c t i o n  of t h e  f requency of t h e  e x c i t i n g  r a d i a t i o n .  Phthalocyanine 
(I) (me t a l - f r e e  and Mg complex) , t e t raphenylporph ine  (11) ( f r e e  b a s e ,  
d i h y d r o c h l o r i d e ,  and Zn complex), and c h l o r o p h y l l  a (111) were examd. 
Free  I shows 2  ne ighbor ing  and p a r t i a l l y  o v e r l a p p i n g  a b s o r p t i o n  bands 
i n  t h e  v i s i b l e ,  each c o n s i s t i n g  o f  a main band and a s e r i e s  of minor 
bands spaced a t  1500 cm"l t o  h i g h e r  ve 



Bassham, J .  A .  

Energy c a p t u r e  and convers ion  by p h o t o s y n t h e s i s .  (Univ. of  C a l i f o r n i a ,  
B e r k e l e y ) .  J .  Theore t .  B i o l .  4 ,  52-72 (1963).  Mechanisms o f  photo- 
s y n t h e s i s  a r e  d i s c u s s e d ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  t r a n s f e r  of  
e l e c t r o n s  from 0 t o  C and o t h e r  atoms. The p r o c e s s  beg ins  w i t h  t h e  
a b s o r p t i o n  of the  energy  o f  l i g h t  by c h l o r o p h y l l  mols. w i t h  t h e  forma- 
t i o n  of  a n  e x c i t e d  s t a t e .  The energy of  the  e x c i t e d  s t a t e  i s  conver ted  
by a n  e s s e n t i a l l y  s o l i d  s t a t e  p r o c e s s  t o  a  charge  sepn.  between a n  
e l e c l ~ r a n  and an e l e c t r o n  h o l e .  The e l e c t r o n  e v e n t u a l l y  reduces  d i -  
phosphopyr idine  n u c l e o t i d e  (TPN) making TPNH. The h o l e  m i g r a t e s  
through the  pigment a r r a y ,  u n t i l  i t  can  o x i d i z e  a  cytochrome mol. The 
o x i d i z e d  cytochromes o x i d i z e  a n o t h e r  coenzyme, and pe rhaps  i n  t h e  proc-  
e s s  produce adenos ine  t r i p h o s p h a t e  (ATP), t h i s  s t e p  b e i n g  a n  enzymic 
r e a c t i o n .  The o x i d i z e d  coenzyme must i n  t u r n  g e t  e l e c t r o n s  from w a t e r ,  
and s i n c e  t h i s  r e a c t i o n  r e q u i r e s  a  l a r g e  i n p u t  of  energy i t  must a l s o  
use  l i g h t  absorbed by t h e  pigment sys tems.  Th i s  oxidn.  of  w a t e r  r e -  
q u i r e s  Mn, perhaps  i n  t h e  form o f  a  pigment.  A l s o ,  t h e  w a t e r - s p l i t t i n g  
r e a c t i o n  a p p e a r s  t o  u t i l i z e  a  d i f f e r e n t  pigment sys tem,  and canno t  be  
e f f e c t e d  by a b s o r p t i o n  o f  l i g h t  of  wavelengths  l o n g e r  than  670 mp. The 
t r a n s p o r t  of 4 e l e c t r o n s  ( l i b e r a t i n g  one 0 mol.) r e q u i r e s  6 o r  8  pho- 
t o n s ,  depending on t h e  assumpt ions  made, and produces  2 mols.  of  TPNH 
and 2 o r  more mols. of  ATP. The o v e r a l l  e f f i c i e n c y  f o r  t h e  p r o d u c t i o n  
of t h e s e  c o f a c t o r s  would n o t  be a s  much a s  50%, depending o n  t h e  
assumpt ions  and based on t h e  u t i l i z a t i o n  o f  r e d  (670 and 700 mp) l i g h t .  
With s h o r t e r  wavelengths  the  energy e f f i c i e n c y  d e c r e a s e s  i n  p r o p o r t i o n  
t o  wavelength .  The coenzymes (3 mols.  of  ATP and 2 o f  TPNH) a r e  used 
w i t h  h i g h  e f f i c i e n c y  (85%) t o  reduce C 0 2  t o  c a r b o h y d r a t e s  and o t h e r  
p r o d u c t s .  ATP a c t i v a t e s  m e t a b o l i t e s  by i n c r e a s i n g  t h e i r  ene rgy  c o n t e n t  
and making them more r e a c t i v e  towards c a r b o x y l a t i o n  and redn .  TPNH, 
which c a r r i e s  the  l a r g e r  p a r t  o f  t h e  chem. p o t e n t i a l  from t h e  l i g h t  
r e a c t i o n s ,  r educes  a  c a r b o x y l  C t o  a n  a ldehyde  C.  The energy o f  the  
coenzymes n o t  s t o r e d  a s  chem. p o t e n t i a l  i n  t h e  f i n a l  p r o d u c t s  p r o v i d e s  
t h e  d r i v i n g  f o r c e  t o  make a  complex s e r i e s  of  r e a c t i o n s  p roceed  a t  a  
r a p i d  r a t e  i n  the  forward d i r e c t i o n .  



Becker , Ralph and A l l i s o n ,  J e a n  B. 2 ,  1 
CA 60-6357h (1964) 

Pfe ta l loporphyr ins .  E l e c t r o n i c  s p e c t r a  and n a t u r e  of p e r t u r b a t i o n s .  1. 
T r a n s i t i o n  meta l  ion  d e r i v a t i v e s .  (Univ. of Houston, Houston, Texas) .  
J .  Phys. Chem. 67 (12) ,  2662-9 (1963) Low-temp. (77 '~ )  emiss ion  spec-  
t r a  a r e  g iven  f o r  the  fo l lowing  meta l  c h e l a t e s  o f  mesoporphyrin IX 
d imethy l  e s t e r :  lin2+, ~ n ( ~ + )  a c e t a t e ,  I?e2+, ~e (3+) a c e t a t e ,  ca2+, 
C O ( ~ + )  c h l o r i d e ,  vo2+, cuZf ,  NiZC, and pt2+.  Except f o r  Cu, a l l  t h e  
e m i s s i o n s  a r e  phosphorescence,  presumably a r i s i n g  from t h e  t r i p l e t  
e c a t e ,  and for which I fPet lmee ( T  ) aye g iven  (excep t  f o r  t h e  t r i v a -  

P *  l e n t  s t a t e ) ,  a s  w e l l  a s  rough qua . / i n t e n s i t i e s .  I n  a t t e m p t i n g  t o  
account  f o r  d i f f e r e n c e s  i n  r e l a t i v e  i n t e n s i t i e s  and phosphorescence 
l i f e t i m e s ,  c o n s i d e r a t i o n  was g iven  t o  t h e  a t .  no. (Z) , e l e c t r o n e g a -  
t i v i t y ,  and i o n i c  and c o v a l e n t  s i z e  of t h e  m e t a l  atoms. The absence 
of f l u o r e s c e n c e  was cons idered  t o  a r i s e  from a  complete s p i n  o r b i t  
coup l ing  i n v o l v i n g  t h e  i n t e r a c t i o n  o f  a n  a t .  t r i p l e t  s t a t e  w i t h  
p o r p h y r i n  e x c i t e d  s t a t e s .  These s t a t e s  a l l o w  i n d i r e c t  coup l ing  w i t h  
m e t a l l o p o r p h y r i n  s i n g l e t  add t r i p l e t  s t a t e s .  I n  addn. , a n o t h e r  t r i p -  
l e t  s t a t e ,  i n t e r m e d i a t e  t o  t h e  normal porphyr in  t r i p l e t  and ground 
s t a t e s ,  and a r i s i n g  from a  combinat ion o f  t h e  a t .  t r i p l e t  and the  
p o r p h y r i n  ground s t a t e ,  was b e l i e v e d  t o  p l a y  a  r o l e ,  e . g . ,  i n  the d i f -  
f e r e n c e  i n  t h e  quantum y i e l d  (a)  of phosphorescence (@p).  I n  compar- 
i n g  Zn and N i , d e r i v s . ,  i t  was noted t h a t  a l though  t h e r e  was a  l a r g e  
d iminu t ion  i n  f l u o r e s c e n c e  and phosphorescence,  a s  w e l l  a s  a  7 -  t o  8- 
f o l d  decrease  i n  T ,  o f  N i ,  t h e r e  was l i t t l e  o r  no change i n  Z ,  i o n i c  
r a d i u s ,  o r  e l e c t r o n e g a t i v i t y .  Were s p i n  o r b i t  coup l ing  t h e  s o l e  f a c -  
t o r  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e ,  t h i s  cou ld  e x p l a i n  t h e  l o s s  o f  
f l u o r e s c e n c e ,  b u t  dp shou ld  t h e n  be equa l  f o r  both .  The most f e a s i b l e  
e x p l a n a t i o n  was presumed t o  be a  new r a d i a t i o n l e s s  d e g r a d a t i v e  mode i n  
the  N i  compd. between t h e  1 s t  e x c i t e d  s i n g l e t  s t a t e ,  through a  l i g a n d  
f i e l d  and down t o  t h e  ground s t a t e ,  p l u s  a  p a r a l l e l  mode i n  t h e  t r i p l e t  
manifold .  A l t e r n a t i v e  e x p l a n a t i o n s  would have r e q u i r e d  i n f o r m a t i o n  
concerning t h e  geometry of t h e  complexes, e s p .  t h e  p l a n a r i t y  o f  the  
m e t a l ,  and the  p.d. of t h e  meta l  o r b i t a l s  of t h e  complex. I n  compar- 
i n g  t h e  Cd, Pd, and P t  c h e l a t e s  w i t h  N i ,  going from N i  t o  Pd i n c r e a s e d  
qj g r e a t l y  and T~ l e s s  s o ,  w h i l e  going from Pd t o  P t  gave very  l i t t l e  
c  FI ange i n  dp,  b u t  a  l a r g e  decrease  i n  T . The absence o f  f l u o r e s c e n c e  
and t h e  high mp f o r  both  compds. was bePieved t o  i n d i c a t e  v i r t u a l l y  
complete i n t e r c o m b i n a t i o n  and l i t t l e  i n t e r n a l  convers ion.  The s m a l l  
d i m i n u t i o n  o f  @p f o r  P t  compared w i t h  Pd was a s c r i b e d  t o  a  new o r  i n -  
c r e a s e d  r a t e  c o n s t .  f o r  a n  i n t e r n a l  convers ion  mode i n  t h e  t r i p l e t  mani- 
f o l d ,  The l a r g e  change i n  .rp sugges ted  t h a t  w i t h  a  l a r g e  change i n  Z,  
though t h e r e  may have been on ly  l i t t l e  change i n  the  c o e f f .  of  mixing 
o f  e x c i t e d  s t a t e s  o f  d i f f e r e n t  m u l t i p l i c i t y ,  t h e r e  was l a r g e  change i n  
t h e  degree  o f  mixing o f  the  t r i p l e t  and ground s t a t e s .  I n  t h e  t r a n s i -  
t i o n  m e t a l l o p o r p h y r i n s ,  ap and T~ were s m a l l .  The p r e f e r r e d  explana-  
t i o n  was  t h a t  of a  combination of t h e  meta l  i o n  d s t a t e s  and t h e  



porphyr in  F s t a t e s ,  the  absence of f l u o r e s c e n c e  a g a i n  being a s c r i b e d  
t o  v i r t u a l l y  complete in tercombina t i o n  of e x c i t e d  s t a t e s .  T%e s h o r t  
l i f e t i m e s  were then  d e t d .  by s p i n - o r b i t  coup l ing  w i t h  t h e  s t r o n g ,  i n -  
homogeneous f i e l d  o f  the  paramagnetic ion .  11. Group 1 1 - A ,  ' I - B ,  
and IV-A d e r i v a t i v e s .  I b i d .  2669-75. These s t u d i e s  were e x t e  -led ( . p ~  

t h e  c h e l a t e s  o f  Mg, Ca, Zn, S r ,  Cd, Sn,  Ba, Hg, and Pb, a l though  i t  
was recognized t h a t  i n  many c a s e s  t h e r e  was g r o s s  con tamina t ion  by t h e  
f r e e  base porphyr in .  Data were e x p l a i n e d  q u a l .  a s  r a d i a t i o n l e s s  modes 
and (or)  m o d i f i c a t i o n  o f  the  assocd .  r a t e  c o n s t . ,  t h e  l a t t e r  a r i s i n g  
from mol, d i s t o r ~ i c r n  sf changot! i n  the lFgdnd bonding schema. E l o c -  
t r o n e g a t i v i t y  and Z appeared t o  p l a y  a  l e s s e r  r o l e .  111. Absorpt ion 
s p e c t r a  and s o l u t e - s o l v e n t  i n t e r a c t i o n s .  I b i d .  2675-9. The s o l n .  of 
Mg e t i o p o r p h y r i n  I1 d i s s o l v e d  i n  p y r i d i n e ,  compared t o  3-methylpentane,  
showed a s p l i t t i n g  of t h e  S o r e t  band ( t h e  B t r a n s i t i o n ) .  The addn. o f  
s t r o n g e r  b a s e s ,  such a s  MI3 o r  t r i e t h y l a m i n e ,  r e s u l t e d  i n  t h e  appear-  
ance  of a  new band a t  640 mp,. The e f f e c t  o f  p y r i d i n e  was exp la ined  as 
the  displacement  of a  mol. of w a t e r  from c o o r d i n a t i o n  w i t h  Mg. The 
new band w i t h  t h e  s t r o n g e r  b a s e s  was a t t r i b u t e d  t o  c h a r g e - t r a n s f e r  
complex fo rmat ion .  Comparison of t h e  Ba, Pb, and Kg mesoporphyrin 
di-Me e s t e r  I X  compds. sugges ted  t h a t  Ba should have a  spectrum s imi-  
l a r  t o  t h a t  o f  Pb and Hg, s i n c e  i t s  s i z e  i s  even g r e a t e r  and should,  
t h e r e f o r e ,  be o u t  o f  t h e  p lane  even f u r t h e r .  A s  i t s  spectrum a c t u a l l y  
resembled t h a t  o f  the  di-Na complex much more c l o s e l y ,  i t  was sug- 
g e s t e d  t h a t  e  l e c  t r o n e g a t i v i  t y  of t h e  Ba was t h e  c o n t r o l l i n g  parameter ,  
w i t h  t h e  porphyr in  having r a t h e r  t h a n  C2vsyrmnetry. 

B e i n e r t ,  Helmut, Heinen,  Wolfgang 
and Palmer, Graham 

A p p l i c a t i o n s  of combined low temperature  o p t i c a l  and e l e c t r o n  para -  
magnetic resonance (EPR) spec t roscopy  t o  t h e  s tudy  o f  o x i d a t i v e  
enzymes. (Univ. of Wisconsin,  Madison).   rook haven Symp. B i o l .  15 
(BNL 738 ( C - 3 4 ) ) ,  229-65 (1962). EPR s p e c t r a '  f o r  submi tochondr ia l  
p a r t i c l e s ,  Cu complexes, Cu p r o t e i n s ,  s u c c i n i c  coenzyme Q r e d u c t a s e ,  
Nitrosomonas europaea ,  r a t  and beef  h e a r t ,  r a t  l i v e r ,  reduced diphos-  
phopyr id ine  n u c l e o t i d e  dehydrogenase,  b a c t e r i a l  p r e p n s . ,  hemerythr in ,  
and Azotobac te r  p a r t i c l e s  were recorded  a t  -170' t o  -178'. O p t i c a l  
r e f l e c t a n c e  s p e c t r a  between 400 and 700 mp were recorded  a t  -90' us ing  
a  modi f i ed  Cary spec t rophotomete r ,  I n t e r p r e t a t i o n s  o f  t h e  s p e c t r a  
o b t a i n e d  a r e  g i v e n  a long  w i t h  t h e  advantages  and d i s a d v a n t a g e s  of bo th  
methods. 



Rellamy, W.  

Thermocheniluminescence of c h l o r o p h y l l - c a r o t e n e  mix tures .  (Gen. E lec .  
Res. Lab . ,  Schenectady, N.Y.). Nature 197, 482-4 (1963). Chemilumi- 
nescence ,  w i t h  pealcs a t  695 and 745 mg, has  been observed on h e a t i n g  
i n  a i r  va ry ing  m i x t s ,  of c h l o r o p h y l l  a  and a l l - t r a n s - $ - c a r o t e n e  (I),  
p r e v i o u s l y  d e p o s i t e d  from benzene s o l n s .  on to  s t a i n l e s s  s t e e l  d i s k s .  
Mixts .  o f  I w i t h  pheophytin a ,  Zn t e t raphenylporph ine  o r  the  metal -  
f r e e  b a s e  a l s o  e x h i b i t e d  chemiluminescence,  h u t  T and CII tetraphenyl- 
poFplrii;t6 f a i . l ad  tri do 6 0 .  

B e n n e t t ,  J. E. and Ingram, D. J .  E .  

A n a l y s i s  of c r y s t a l l i n e  hemoglobin d e r i v a t i v e s  by paramagnet ic  r e s o -  
nance.  (Univ. Southampton, E n g l . ) .  Nature 177, 275-6 (1956). Mea- 
surements  o f  s i n g l e  c r y s t a l s  of whale a c i d  metmyoglobin were made a t  
2 0 ' ~  w i t h  a low-temp. r e s o n a t o r  and a t  f r e q u e n c i e s  of 25,000 o r  36,000 
Mc. Angular v a r i a t i o n  was s t u d i e d  by r o t a t i n g  a n  e lec t romagne t  around 
the  r e s o n a t o r  and p l o t t i n g  t h e  f i e l d  p o s i t i o n s  o f  t h e  a b s o r p t i o n  l i n e  
a g a i n s t  a n g l e  of r o t a t i o n .  The magnitude o f  the  g  v a l u e  assocd.  w i t h  
t h e  s i n g l e  e l e c t r o n i c  t r a n s i t i o n  v a r i e d  from g ~  = 5 . 9 5 f 0 . 0 5  t o  a  gll = 
2.00 f O . O 1 .  For myoglobin o f  c r y s t a l  type A ,  c r y s t a l  symmetry P21, 
t h e  d i r e c t i o n  c o s i n e s  f o r  the  a x i s  through the  Fe atom p e r p e n d i c u l a r  
t o  t h e  hem plane were 0.89,  0.36,  and 0.28 f o r  L ,  M, and N ,  r e s p .  For  
c r y s  t. type B ,  c r y s t a l s  symmetry P 2 1 2 ~ 2 ~ ,  t h e  d i r e c t i o n  c o s i n e s  were 
0 .13,  0 .95,  and 0 .29  f o r  L ,  M ,  and N, r e s p .  An a c i d  metmyoglobin 
c r y s t a l  immersed i n  a  s o l n .  of NaN3 f o r  a  c o n t r o l l e d  time becomes h a l f  
a z i d e  d e r i v .  and h a l f  a c i d  metmyoglobin d e r i v .  The g v a l u e  of t h e  
a z i d e  d e r i v .  v a r i e s  from g ~  of 2 . 8  5 0 . 0 5  t o  gll o f  1.70 1 0.05,  w i t h  
d i s t o r t i o n  of a x i a l  symmetry. The occurrence o f  a  s i n g l e  e l e c t r o n i c  
t r a n s i t i o n  w i t h  g  v a l u e s  s p r e a d  a c r o s s  t h e  f r e e - s p i n  v a l u e  i n d i c a t e s  
t h a t  t h e  b ind ing  i s  of t h e  d2sp3 type ;  t h i s  l e a v e s  one unpa i red  s p i n  
w i t h  some o r b i t a l  admixt.  

B e n n e t t ,  J .  F.  and Ingram, D .  J. E.  and 
Gibson,  J. F. 

E lec t ron- resonance  s t u d i e s  o f  h e m o ~ l o b i n  d e r i v a t i v e s .  I .  Hem-plane 
o r i e n t a t i o n .  (Univ. Southampton, Engl . ) .  Proc,  Roy. Soc, (London) 
A240, 67-82 (1957). The a p p l i c a t i o n  of e l e c t r o n - s p i n  resonance t o  
t h e  s t u d y  o f  hemoglobin d e r i v s ,  i s  o u t l i n e d .  D e t a i l e d  i n f o r m a t i o n  
can  be o b t a i n e d  concerning the  c e n t r a l  i r o n  atom and i t s  immediate 
su r roundings .  T h i s  i n f o r m a t i o n  can be d iv ided  i n t o  two k i n d s ,  t h a t  
concerned w i t h  t h e  e l e c t r o n i c  s t a t e  o f  t h e  i r o n  atom and t h e  type o f  



chem, b i n d i n g ,  and secondly,  t h a t  concerned w i t h  t h e  symmetry of t h e  
i r o n  a tom's  surroundings  and thus  t h e  o r i e n t a t i o n  of t h e  hem p l a n e s .  
I t  i s  p o s s i b l e  t o  d e t .  t h e  o r i e n t a t i o n  of the hem p lanes  w i t h  r e s p e c t  
t o  each o t h e r  and the  c r y s t a l  axes .  Measurements f o r  myoglobin and 
hemoglobin c r y s t a l s  a r e  summarized. The l a t t e r  show t h a t  t h e  4 hem 
groups  p e r  mol. a r e  no t  p a r a l l e l  b u t  t h a t  some have t h e i r  normals 
a l o n g  the  d i r e c t i o n  o f  n e a r e s t  approach t o  t h e  neighbor ing mols. 

B e r e z i n ,  B. D.  

C a l c u l a t i o n  of t h e  r e l a t i v e  e q u i l i b r i u m  c o n s t a n t s  of r e a c t i o n s  of f o r -  
mat ion  of phthalocyanine (PC) and porphyr in  complexes from k i n e  t i c  
d a t a .  (Chem.-Technol. I n s t . ,  Ivanovo).  Zh. F i z .  Khim. 39 ( 5 ) ,  1082-6 
(1965) ( ~ u s s )  ; c f .  CA 53, 16663i ;  61, 6455f. I n  t h e  some s o l v e n t  and 
a t  t h e  same temp., t h e  r a t i o  of e q u i l .  c o n s t s . ,  K'/K" of  complexes of 
p o r p h y r i n s ,  MX i s  equiv .  t o  t h e  r a t i o  o f  t h e  r a t e  c o n s t s .  o f  t h e i r  
d i s s o c n . ,  hf/k$' o r  plog K = plog  k .  Th is  p r i n c i p l e  was a p p l i e d  t o  
the  e q u i l .  H2PC + MX2 S MPc + 2HX. The s t r u c t u r a l  analogy of H2Pc and 
HX j u s t i f i e d  t h e  assumption t h a t  f o r  them Alog k2 % 0. A t  25O i n  
H2S04, u s i n g  a s  a  s t a n d a r d  o f  comparison K '  = Kznpc*, QSO4, u s i n g  
a s  a s t a n d a r d  of comparison K '  = KztZqqc~+ ,  K H ~ s o ~ . G ~ ? c ~ ,  o r  
K ( H ~ s o ~ )  .snpc +, t h e  v a l u e s  o f  K'/K and o f  k l  of t h e  fo l lowing  were 
ca lcd . :  MPcI8, M = Mg, Zn, Co, N i ,  Cu, Pd, and P t ;  H ~ S O ~ . M P C H + ,  M = 
Ga, A l ,  and Rh; and ( H ~ s o ~ ) ~ M P C & ,  M = Sn, V, 0s. 

Bernard,  H. 

B i o s y n t h e s i s  of t h e  porphyr ins .  (Acad. n a t l .  mJd., P a r i s ) .  Pa tho l .  
e t  b i o l . ,  Semaine hop. 7 ,  371-7 (1959) ; c f .  CA 53, 20429a. A review 
w i t h  19 r e f e r e n c e s .  

Bogorad, Lawrence 11,17 
CA 55-4597a and e (1961) 

B i o s y n t h e s i s  o f  p r o t o c h l o r o p h y l l .  (Univ. o f  Chicago).  I b i d .  227-56. 
Proto-Comparative Biochemist ry  of P h o t o r e a c t i v e  Systems (V.1 of Symposia 
on comparat ive  Biology) Mary B e l l e  A l l e n ,  ed.  , ~ e &  York Academic -&ess, 
1960, 



Bolo tn ikova ,  T. N .  1 
CA 54-8276e (1960) 

Spectroscopy of some s imple  a romat ic  hydrocarbons i n  f r o z e n  c r y s t a l -  
l i n e  s o l u t i o n s .  Optika i Spektroskopiya 7 ,  217-22 (1959). Spec t ro -  
s c o p i c  measurements on naph tha lene ,  a n t h r a c e n e ,  naphthacene,  f r o z e n  
i n  p a r a f f i n  s o l v e n t s ,  have shown t h a t  t h e i r  bands a r e  s u f f i c i e n t l y  
s h a r p  (having about  10-15 cm-I band width)  i f  the  l i n e a r  dimensions 
of the  f l u o r e s c e n t  mol. approx.  c o i n c i d e  w i t h  t h e  dimensions of t h e  
s o l v e n t  mol. This  i s  unders tood by assuming t h a t  t h e  f l u o r e s c e n t  mol. 
r e p l a c e s  t h e  s o l v e n t  mol. w i t h o u t  a  s u b s t a n t i a l  d i s t o r t i o n  o f  i t s  
c r y s t a l  l a t t i c e .  

Botan,  E.  A.  

Cytochrome c-cytochrome o x i d a s e  i n  b io luminescen t  f u n g i .  (Avco R e s .  
and Advanced Develop. Div. ,  Wilmington, Mass.). Nature  198, 479 
(1963). With t h e  Nadi r e a c t i o n  a s  a  presumptive  t e s t  f o r  t h e  p resence  
of cytochrome c- cytochrome c ox idase ,  a  su rvey  was made o f  5 genera  
of b io luminescen t  f u n g i :  Panus s t y p t i c u s ,  A r m i l l a r i a  m e l l e a ,  A.  
f u s i p e s ,  Mycena polygramma, C l i t o c y b e  i l l u d e n s ,  and C o l l y b i a  v e l u t i p e s .  
A l l  organisms possessed  t h e  system, l end ing  s u p p o r t  t o  t h e  h y p o t h e s i s  
of McElroy and S e l i g e r  (Sc i .  Am. 207, No. 6,  76-91 (1962)) t h a t  b i o -  
luminescence i s  a  v e s t i g i a l  mechanism f o r  t h e  d i s p o s a l  of 0  by 
a n a e r o b i c  organisms,  a  mechanism whose f u n c t i o n  was t aken  over  by t h e  
l a t e r  e v o l v i n g  cytochrome system. 

Boucher, L. J . ,  C r e s p i ,  H. L. and 
Katz ,  J. J.  

16641h O p t i c a l  r o t a t o r y  d i s p e r s i o n  of phycocyanin. (Carnegie I n s t .  
of Technol . ,  P i t t s b u r g h ,  Pa . ) .  Biochemist ry  5 ( 1 2 ) ,  3796-802 (1966) 
(Eng). The o p t i c a l  r o t a t o r y  d i s p e r s i o n  (ORD) (700-220 mp) of phyco- 
c y a n i n  i s o l a t e d  from t h e  blue-green a l g a e  Phormidium lur idum,  P l e c t o -  
nema c a l o t h r i c o i d e s ,  and Synechococcus l i p i d u s  was measured. ORD 
c u r v e s  i n  t h e  v i s i b l e  show m u l t i p l e  Cot ton e f f e c t s  f o r  t h e  chromophore 
a b s o r p t i o n s  a t  - 620 mp (+) and - 350 mp (-). The uv ORD curves  show 
a  t rough  a t  231 mp w i t h  a  c rossover  p o i n t  a t  222 mp; t h e  of 
-3900 & 200' i n d i c a t e s  t h e  p r o t e i n  t o  have a  smal l  amt. o f  c r h e l i x  
conformat ion.  Urea d e n a t u r a t i o n  i r r e v e r s i b l y  d e s t r o y s  t h e  o p t i c a l  
a c t i v i t y  of the  chromophore a b s o r p t i o n s .  The ORD behavior  of phyco- 
cyan ins  from P. lur idum and Plectonema c a l o t h r i c o i d e s  resembles each 
o t h e r  c l o s e l y ,  w h i l e  S. l i v i d u s  phycocyanins a r e  s u b s t a n t i a l l y  d i f -  
f e r e n t .  The ORD curves  o f  p a i r s  of p r o t i o -  and deu te r io -phycocyan ins  
a r e  e s s e n t i a l l y  i d e n t i c a l  i n  both  H20 and D20. The r o t a t o r y  d i s p e r -  
s i o n  of phycocyanin a p p e a r s  t o  be independent  o f  the  s t a t e  of aggrega-  
t i o n  of t h e  p r o t e i n .  



Brody, Marcia and Linschitz, Henry 

,Fluorescence of p h o t o s y n t h e t i c  organisms at room and l i q u i d  n i t r o n e n  
t empera tu res .  (Brandeis  Univ. ,  Waltham, Mass . ) ,  Science 133, 705-6 
(1961).  Fluorescence s p e c t r a  were de td .  a t  room and l i q u i d  N temps. 
f o r  ~khromonas  d a n i c a ,  ~ h l o r e l l a  pyrenoidosa ,  Euglena g r a c i l i s ,  
Porphyridium cruentum, Rhodospir i l lum rubrum, Rhodopseudomonas 
p a l u s t r i s ,  Chzomatium, and l eaves  of  h b l n u ~  virginfianw and B e t - - u h  
p a p y r i f e r a .  I n  t h e  a l g a e  and h i g h e r  p l a n t s ,  f luorescence  s p e c t r a  
showed 2 bands,  a s c r i b e d  t o  monomer and aggrega te  forms of c h l o r o p h y l l ,  
r e s p .  At  low temp., t h e  long-wave-length emiss ion  was g r e a t l y  enhanced 
and  o f t e n  appeared a s  a  new band. P h o t o s y n t h e t i c  b a c t e r i a ,  on the  
o t h e r  hand, showed no new bands a t  low temp., w i t h i n  t h e  s p e c t r a l  
coverage and s e n s i t i v i t y  o f  t h e  measurements. A g reen  f l u o r e s c e n c e  
was a l s o  found i n  a l g a e ;  t h i s  i s  a t t r i b u t e d  t o  c a r o t e n o i d s .  

Brody, S. S. 

An e s t i m a t e  of t h e  e f f e c t i v e  s i z e s  of c h l o r o p h y l l  a - a w r e g a t e s  i n  v ivo  
a s  determined from emiss ion  s p e c t r a .  (Columbia Univ.) .  J. Theoret .  
B i o l .  7  ( 2 ) ,  352-9 (1964) (Eng) . Low temp. f l u o r e s c e n c e  spectrum of 
Euglena g r a c i l i s  i s  observed t o  s h i f t  toward longer  wavelengths  dur- 
i n g  t h e  g reen ing  p r o c e s s .  Th i s  s h i f t  i s  assumed t o  a r i s e  from t h e  
fo rmat ion  of i n c r e a s i n g  l a r g e r  a g g r e g a t e s  o f  c h l o r o p h y l l  a.  The 
e f f e c t i v e  s i z e  and a b s o r p t i o n  max. a r e  ca lcd .  f o r  t h e  a g g r e g a t e  t o  be 
3 . 8  mols. and 734 mp,, r e s p ,  

Brody, S. S. and Brody, M. 17 ,  15 
CA 60-13575e (1964) 

Aggrepated c h l o r o p h y l l  i n  v i v o .  (Columbia Univ.) .  N a t l .  Acad. S c i . ,  
N a t l .  Res,  Counci l ,  Misc. Publ.  No. 1145, 455-78 (1963).  Var ious  
arguments a r e  adduced t o  s u p p o r t  the  concept  o f  polymeric  forms of  
c h l o r o p h y l l  (I) i n  s o l n . ,  based on f l u o r e s c e n c e  and a b s o r p t i o n  s p e c t r a ,  
Thus, t h e  f l u o r e s c e n c e  max, o f  i n  v ivo  systems a t  685 m p  i s  a s c r i b e d  
t o  t h e  monomer, w h i l e  t h a t  a t  710 mp, i s  b e l i e v e d  t o  be the  dimer.  
Changes i n  t h e  f l u o r e s c e n c e  max. of a g i n g  a l g a l  c u l t u r e s  a r e  i n t e r -  
p r e t e d  a s  assocn.  changes ,  t h e  aggrega ted  form being more f l u o r e s c e n t  
than  t h e  monomer. A c o n t i n u i n g  r e d  s h i f t  t o  732 mp, i n  a g i n g  (80-hr.) 
Euglena c u l t u r e s  i s  i n t e r p r e t e d  a s  a  c o n t i n u i n g  a g g r e g a t i o n  o f  t h e  I. 
The a v ,  a g g r e g a t e  a t  t h i s  f l u o r e s c e n c e  va lue  i s  a t  l e a s t  t e t r a m e r i c .  



Brody, S .  S, and Brody, M. 

Experiment showing t h a t  P700 can be an  aggrega ted  form of c h l o r o p h y l l  
a .  (Columbia U n i v , ) .  Arch. Biochem. Biophys. 110 ( 3 ) ,  583-5 (1965) - 
(Eng); c f .  B u t l e r ,  CA 55 ,  21255h. I f ,  w i t h  concd. s o l n s .  of c h l o r o -  
p h y l l  ( I )  i n  which a g g r e g a t i o n  can occur ,  t h e  705  mi^, band cou ld  n o t  
be observed i n  t h e  a c t i o n  spectrum f o r  emiss ion  a t  736 mp, then i t  was 
p o s t u l a t e d  t h a t  the  p o s s i b i l i t y  o f  a  I a g g r e g a t e  g i v i n g  r i s e  t o  t h i s  

1 band in v i v o  could he  eliminated. Measuremants were made wi th  c h l o r a -  
4 p h y l l  a  and w i t h  p h o t o s y n t h e t i c  organisms;  e x c i t a t i o n  s p e c t r a  f o r  

f l u o r e s c e n c e  a t  736 mp were d e t d .  a t  7 7 ' ~  w i t h  l ight-grown Euglena 
g r a c i l i s  s t r a i n  Z and C h l o r e l l a  pyrenoidosa .  The e x c i t a t i o n  s p e c t r a  
f o r  A n a c y s t i s  n i d u l a n s  and Porphyridium cruentum were e s s e n t i a l l y  
s i m i l a r  i n  t h e  s p e c t r a l  r e g i o n  w i t h  which t h e  s t u d y  was concerned.  
I n  each organism t h e r e  was observed a  band w i t h  max. a t  - 705 mp. 
T h i s  band i s  a p r o p e r t y  of concd. s o l n s .  i n  EtOH; i n  d i l .  s o l n .  i t  i s  
l a c k i n g .  Th is  s t u d y  i n d i c a t e s  t h a t  the  s p e c t r a l  p r o p e r t i e s  o f  P700 
can  be mainly  a t t r i b u t e d  t o  aggrega ted  I. I t  is sugges ted  t h a t  P700 
r e p r e s e n t s  a n  assocn .  o f  cytochrome w i t h  aggrega ted  I ,  and i t  i s  con- 
c luded  t h a t  aggrega ted  I has  s p e c t r a l  p r o p e r t i e s  s i m i l a r  t o  those  o f  
P700. 

Brody, S. S . ;  Newell, G .  and 16 ,  17 
C a s t n e r ,  T. CA 54-20494a (1960) 

Paramagnetic resonance  o f  c h l o r o p h y l l  c r y s t a l s  and s o l u t i o n s .  (Univ. 
o f  I l l i n o i s ,  Urbana). J. Phys. Chem. 64, 554-7 (1960). A l i g h t -  
induced resonance was observed bo th  i n  c h l o r o p h y l l  c r y s t a l s  and s o l n s .  
The f i n a l  p roduc t  i n  t h e  photoredn. of c h l o r o p h y l l  by a s c o r b i c  a c i d  
i n  p y r i d i n e  was n o t  paramagnet ic .  The quantum y i e l d  of s p i n  fo rmat ion ,  
g -va lue ,  l i n e  w i d t h ,  and o r d e r  of magnitude f o r  t h e  r e l a x a t i o n  t ime 
were g i v e n  f o r  c r y s t a l s  of chlorophy1.l a ,  c h l o r o p h y l l  b, and mixed 
methyl c h l o r o p h y l l i d e  a  and b y  and c h l o r o p h y l l  i n  p y r i d i n e .  The p o s s i -  
b l e  o r i g i n s  of the  resonance were d i s c u s s e d .  

Brody, Seymour and Brody, Marcia 

F luorescence  p r o p e r t i e s  of aggrega ted  c h l o r o p h v l l  i n  v ivo  and i n  v i t r o .  
(Columbia Univ.) .  Trans .  Faraday Soc. 58,  416-28 (1962). The r a t i o  o f  
f l u o r e s c e n c e  i n t e n s i t i e s  a t  7 7 ' ~  i n  EtOH a t  720 and 685 mp, was c o n s i s t -  
e n t  w i t h  t h e  assumption t h a t  a  dimer was formed i n  concd. s o l n s .  The 
f l u o r e s c e n c e  y i e l d  o f  t h e  dimer was 0.8,  the  l i f e t i m e  of emiss ion  from 
t h i s  aggrega ted  s p e c i e s  corresponded t o  - l o e 4  s e e .  F luorescence  from 
t h e  c h l o r o p h y l l  monomer and a g g r e g a t e ,  i n  v i v o  and i n  v i t r o ,  was 



measured a s  a f u n c t i o n  of temp. (from 293-77 '~ ) .  I n  s o l n .  a n d . i n  a l g a e  
the  a c t i v a t i o n  energy f o r  dimer emiss ion  was approx.  1 k c a l . ,  t he  
Ar rhen ius  c o n s t .  was of the o r d e r  of lo4 .  The l a t t e r  v a l u e  r e f l e c t e d  
a low t r a n s i t i o n  p r o b a b i l i t y  f o r  dimer emiss ion ,  s u g g e s t i n g  o r i g i n  in 
a  t r i p l e t  o r  nonbinding s i n g l e t  s t a t e .  

Brown, J. S .  17,  12 
CA 61-965g (1964) 

Forms o f  e h l o s o p h v l l  a and p h o t e s v n t h e s i a ,  (Carnegie Xnst .  o f  Wash- 
i n g t o n ,  S t a n f o r d ,  C a l i f . ) .  Col loq.  I n t e r n .  Centre  Na t l .  Rech. S c i .  
( p a r i s )  No. 119,  371-7, d i s c u s s i o n  377-80 (1963) ( in  E n g l i s h ) .  Chloro- 
p h y l l  a  e x i s t s  i n  v i v o  a s  d i s t i n c t  e n t i t i e s  a b s o r b i n g  abou t  670 and 
685 mp. Some p l a n t s  c o n t a i n  a  t h i r d  form absorb ing  a t  695 mp. Evi-  
dence i s  p r e s e n t e d  t h a t  each of the  major c h l o r o p h y l l  forms may medi- 
a t e  each  of  t h e  2  l i g h t  r e a c t i o n s  now though t  t o  be e s s e n t i a l  f o r  
p h o t o s y n t h e s i s .  Ch lo rophy l l  a695 may f u n c t i o n  i n  t h e  same pigment 
a c t i o n  a s  c h l o r o p h y l l  a670,  the reby  e x t e n d i n g  t h e  s p e c t r a l  range of  
t h e  l i g h t  r e a c t i o n .  

Broyde, - Suse B. and Brody, Seymour S t e v e n  17,  11 
& CA 61-16348a (1964) 

new ~ h o t o c h e m i c a l  r e a c t i o n  of c h l o r o p h y l l  a .  (Columbia Univ.) .  
~ h o t o c h e m .  P h o t o b i o l .  3  ( 3 ) ,  265-7 (1964). When a  s o l n .  ( 8  x  10-4 M) 
of  c h l o r o p h y l l  a  ( I )  i n  E t O H  i s  i l l u m i n a t e d  w i t h  w h i t e  l i g h t  i n  t h e  
p resence  of 2  x  10-1 M phenylhydrazine  ( 1 1 ) ,  I i s  t ransformed t o  a new 
compd. w i t h  a b s o r p t i o n  max. a t  ,640 and 415 mp. A f t e r  s e v e r a l  h r s .  
i n  the  d a r k ,  I i s  r e g e n e r a t e d  a s  d e t d .  by recovery  of i t s  a b s o r p t i o n  
a t  662 mp, the  e x t e n t  of r ecovery  be ing  50-70%. A t  v e r y  low concns. 
o f  I (10-6 M) on ly  s l i g h t  f a d i n g  of  I o c c u r s  on i r r a d i a t i o n .  The spec-  
t r a l  d a t a  a r e  s u g g e s t i v e  of 1-11 i n t e r a c t ' i o n  a t  the  cyclopentanone 
r i n g  V of I, 

Broyde , S. B. and Brody , S. S. 1 7 ,  1 
CA 63-4569c (1965) 

F-698-pigrnent found i n  p r e p a r a t i o n s  of  c h l o r o p h y l l .  (Columbia Univ.). 
Biochem. Biophys. Res. Comrnun. 19  ( 4 ) ,  444-51 (1965)(Eng). F-698 has  
a f l u o r e s c e n c e  max. a t  698 mp i n  Me2C0 a t  7 7 ' ~ .  F-698 i s  p r e s e n t  i n  
t h e  c h l o r o p h y l l  b  f r a c t i o n ,  and i n  some samples of c h l o r o p h y l l  a 1  which 
were prepd,  from young sp inach .  Rechromatographing t h e  c h l o r o p h y l l s  
s e v e r a l  t imes  r e s u l t s  i n  prepns .  f r e e  of  F-698. The p resence  o f  
F-698 i s  r e v e a l e d  a t  room temp. by d i f f e r e n c e  spec t roscopy .  A t  room 
temp. t h e  a b s o r p t i o n  max. a r e  approx.  415 and 675 mb. A t  -80° the  r e d  



a b s o r p t i o n  band of F-698 can  be r e s o l v e d  i n  o p t i c a l l y  dense s o l n s .  
of c h l o r o p h y l l  b  w i t h o u t  r e s o r t i n g  t o  d i f f e r e n c e  s p e c t r o s c o p y ;  t h e  
max, be ing  688 mp. F-698 i s  not a  c h l o r o p h y l l  c o l l o i d ,  as  c o l l o i d s  
of c h l o r o p h y l l  a  s h i f t  i n  t h e i r  a b s o r p t i o n  max. on c o o l i n g  t o  -80°. 

Brucker ,  Wolfgang and Nicolau,  Claude 

, , E l e ~ t r o n - s p i n  resanancse datorrninat.inn in-phnbnsvnthesis ~f ?reen_ 
p l a n t s .  ( ~ n s t .  Med. ~ i o l . ,  Ber l in-Buch) .  ~ a t u r w i s s e n s c h a f t e n  47 ,  
89-90 (1960) . E l e c  t r o n - s p i n  resonance  (ESR) measurements o f  photo-  
s y n t h e s i s  i n  b a r l e y  l e a v e s  sugges ted  t h a t  t h e  oxidn.  of cytochrome 
and redn .  o f  t h e  p y r i d i n e  n u c l e o t i d e s  invo lved  may be t h e  1st s t e p s  
o f  t h i s  p h o t o s y n t h e s i s .  I n  i n v e s t i g a t i o n s  on c a t a l y t i c a l l y  a c t i v e  
compds., r i b o f l a v i n e ,  d iphosphopyr id ine  n u c l e o t i d e ,  and a d e n o s i n e  tri- 
phosphate  and i t s  complexes showed ESR s i g n a l s  w i t h  d i f f e r e n t  e l e c t r o n  
donors  . 

Brugger ,  J. E .  

F luorescence  y i e l d  of c h l o r o p h v l l  i n  C h l o r e l l a  a s  a  f u n c t i o n  of l i p h t ,  
i n t e n s i t y .  (Univ. of  Chicago).  113-17. Discuss ion .  

B u t l e r ,  W. L. and Bishop,  N .  I .  

A c t i o n  of  two-pigment system on f l u o r e s c e n c e  y i e l d  of  c h l o r o p h y l l  a .  
(U.S. Dept. of Agr . ,  B e l t s v i l l e ,  Md.). N a t l .  Acad. S c i . ,  N a t l .  Res. 
C o u n c i l ,  Misc. Publ.  No. 1145, 91-100 (1963) ; .  c f .  Duysens, CA 58,  
14444b. Green-bean l e a v e s ,  s p i n a c h  c h l o r o p l a s t s ,  and s u s p e n s i o n s  of 
Scenedesmus were i r r a d i a t e d  by a c t i n i c  l i g h t  and a b s o r p t i o n  s p e c t r a  
measured a t  -196O. The a c t i o n  s p e c t r a  of g reen  l e a f  was s i m i l a r  t o  
t h a t  of C h l o r e l l a  (Myers and Graham, CA 58 ,  1 0 4 9 9 ~ ) .  The a b s o r p t i o n  
s p e c t r a  of  Scenedesmus showed t h a t  t h e  same amts.  of  c h l o r o p h y l l  b y  
c h l o r o p h y l l  a760 and c h l o r o p h y l l  a680 were p r e s e n t  i n  a l l  samples.  The 
mutan t s  c a r r i e d  a  normal complement o f  pigments i n  sys tems 1 and 2. C02 
mutan t s  f a i l e d  t o  f i x  C 0 2  i n  the  l i g h t  b u t  evolved 0  i n  a  H i l l  r e a c t i o n ,  
0  mutan t s  f a i l e d  t o  evolve  0 i n  t h e  l i g h t  b u t  photoreduced C02 i n  H atm, 
P was p r e s e n t  i n  the  w i l d - t y p e  c e l l s  and i n  the  0  mutant  b u t  n o t  i n  
C02 mutant .  



B u t l e r ,  W .  L. and N o r r i s ,  K .  H. 

L i f e t i m e  of t h e  long-wavelength c h l o r o p h y l l  f l u o r e s c e n c e .  (Agr. 
Market ing S e r .  , B e l t s v i l l e  , Md,) . Biochim. Biophys. Acta  66,  72-7 
( 1 9 6 3 ) ( i n  E n g l i s h ) ,  The f l u o r e s c e n c e  l i f e t i m e  o f  c h l o r o p h y l l  i n  v i v o  
and i n  v i t r o  was measured w i t h  a  phase f l u o r i m e t e r .  The l i f e t i m e  i n  
v i v o  of t h e  long-wavelength e m i s s i o n  (730 mbi) which appears at low 
temp, wrre 3 . 1  RIP s a c ,  T t :  l e  oonalurlrd t h a t  rhfs e m i s s i o n  i s  f l u o r e a -  
cence r a t h e r  t h a n  phosphorescence a s  had been p r e v i o u s l y  r e p o r t e d .  

B u t l e r ,  Warren L .  1, 10  
O p t i c a l  Soc. o f  Amer. 
52 (1963 292-9 

The t r a n s m i s s i o n  and a b s o r p t i o n  p r o p e r t i e s  of  t u r b i d  media have been 
examined w i t h  Kubelka and ~ u n k ' s  t h e o r y  of the  o p t i c s  of i n t e n s i t y  
s c a t t e r i n g  m a t e r i a l .  The e q u a t i o n  f o r  t h e  o p t i c a l  d e n s i t y  of such 
m a t e r i a l  a s  a  f u n c t i o n  of t h i c k n e s s  h a s  been d e r i v e d  and examined 
e x p e r i m e n t a l l y .  I t  i s  shown t h a t  t h e  r e f l e c t i v i t y  and s c a t t e r i n g  
c o e f f i c i e n t  can  be  determined a b s o l u t e l y  w i t h o u t  r e f e r e n c e  t o  a  s t a n d -  
a r d  m a t e r i a l  from t h e  o p t i c a l - d e n s i t y  measurements. The a b s o r p t i o n  
s p e c t r a  of  pigments i n  s c a t t e r i n g  media and i n  c l e a r  s o l u t i o n  have 
been compared. I t  i s  shown t h a t  l i g h t  i n  p a s s i n g  through a  t u r b i d  
sample may t r a v e r s e  a n  o p t i c a l  p a t h  which i s  many t imes  t h e  sample 
t h i c k n e s s .  The p r a c t i c a l  consequence of  t h i s  i n c r e a s e d  p a t h  l e n g t h  
i s  a n  i n t e n s i f i c a t i o n  o f  t h e  a b s o r p t i o n  bands o f  pigments i n  l i g h t -  
s c a t t e r i n g  media. The t h e o r e  t i c a l  e x p r e s s i o n  f o r  t h i s  i n t e n s i f i c a t i o n  
h a s  been d e r i v e d  and t e s t e d  e x p e r i m e n t a l l y .  S p e c t r a l  e f f e c t s  due t o  
the  p h y s i c a l  b i n d i n g  of  pigment molecules  t o  t h e  s c a t t e r i n g  p a r t i c l e s  
have a l s o  been examined. 

B u t l e r ,  Warren L. and N o r r i s ,  K a r l  H.  

The s ~ e c t r o p h o t o m e t r ~  of  dense  l i p h t - s c a t t e r i n g  m a t e r i a l .  (U.S. Dept. 
of Agr . ,  B e l t s v i l l e ,  Md.). Arch. Biochem. Biophys. 87, 31-40 (1960),  
The use  of  a n  app .  (monochromator=-and photometer)  i s  d e s c r i b e d .  The 
o p t i c a l  p a t h  l e n g t h  of  a  l i g h t ' s c a t t e r i n g  sample may be many t imes  t h e  
sample dep th .  By add ing  CaC03 t o  reduced cy tochrome c  s o l n s .  , the  i n -  
t e n s i t y  o f  the  a b s o r p t i o n  bands was i n t e n s i f i e d  70-fold  a s  a  r e s u l t  o f  
a  70- fo ld  i n c r e a s e  i n  p a t h  l e n g t h .  Data a r e  g iven  on a  s i m i l a r  i n -  
t e n s i f i c a t i o n  (over  1 0 - f o l d )  i n  the  spect rym of  s o l i d  a p p l e  t i s s u e  i n  
which v a r i o u s  forms of c h l o r o p h y l l  and o t h e r  pigments a r e  involved.  
The p h o t o r e v e r s i b l e  pipment which c o n t r o l s  many developmental  r e s p o n s e s  
of  p l a n t s  was demons t i a t ed  spect rophotometrLcalLy i n  i n t a c t  corn 



c o l e o p t i l e s .  Cytochrome, v a r i o u s  forms of c h l o r o p h y l l ,  and c a r o t e n e  
a r e  a l s o  invo lved  i n  t h e  s p e c t r a  of lima bean s e e d s ,  which change i n  
t h e  p r o c e s s  o f  g e m i n a t i o n .  The s p e c t r a  of d r y  y e a s t  (com. bakers '  
y e a s t )  a r e  p r e s e n t e d  i n  comparison w i t h  y e a s t  suspens ions .  I n  addn. 
t o  t h e  t y p i c a l  cytochrome component, t h e r e  i s  a  c y a n i d e - s e n s i t i v e  
a b s o r p t i o n  band a t  640 mp. By use  o f  the  app . ,  the  e f f i c i e n c y  of a  
pigment e x t n .  can be d e t d .  on t h e  e x t n ,  r e s i d u e ,  r e v e a l i n g  pigment 
~ R u H ~  ko t f o p  *i@q$.&u~ i n  w n o n - s z t p a ~ t a b l s  f o r m .  22. r e f a ~ e n c 6 e ,  

B u t l e r ,  W. and Baker,  J. E. 

Low-temperature s p e c t r a  o f  c h l o r o p l a s t  f ragments .  (Agr. Marketing 
S e r . ,  B e l t s v i l l e ,  Md.). Biochim. Biophys. Acta  66, 206-11 (1963) 
( i n  E n g l i s h ) .  Absorp t ion  and f l u o r e s c e n c e  e x c i t a t i o n  s p e c t r a  of 
c h l o r o p l a s t  f ragments ,  o b t a i n e d  by s o n i c  o s c i l l a t i o n  and d i f f e r e n t i a l  
c e n t r i f u g a t i o n ,  were measured a t  -196'. S e v e r a l  c h l o r o p h y l l  pigments,  
i n c l u d i n g  C-705, were r e s o l v e d  i n  t h e  low-temp. s p e c t r a .  No f r a c -  
t i o n a t i o n  o f  t h e  c h l o r o p h y l l  pigments was ach ieved  by d i f f e r e n t i a l  
c e n t r i f u g a t i o n .  The s m a l l e s t  c h l o r o p l a s t  f ragments  ( t h o s e  i n  the  
s u p e r n a t a n t  o f  a 173,000-g c e n t r i f u g a t i o n )  c o n t a i n e d  t h e  c h l o r o p h y l l  
pigments i n  t h e  same r a t i o  a s  the  i n t a c t  c h l o r o p l a s t s .  The f l u o r e s -  
cence e x c i t a t i o n  s p e c t r a  showed t h a t  energy t r a n s f e r  -between t h e  p i g -  
ments assocd.  w i t h  the  s m a l l e s t  f ragments  o c c u r r e d  t o  t h e  same degree  
a s  i n  t h e  i n t a c t  c h l o r o p l a s t s .  These r e s u l t s  s u p p o r t  t h e  concept  o f  
a  s t r u c t u r a l  p h o t o s y n t h e t i c  u n i t  i n  which a  C-705 mol. s e r v e s  a s  a n  
energy s i n k .  

B u t l e r ,  W. L. 

A f a r - r e d  a b s o r b i n g  form of c h l o r o p h y l l  i n  v i v o .  (U.S. Dept. of Agr., 
B e l t s v i l l e ,  Md.). Arch. Biochem. Biophys. 93,  413-22 (1961). Fluo- 
r e s c e n c e  e x c i t a t i o n  s p e c t r a  and a b s o r p t i o n  s p e c t r a  o f  l e a v e s  a t  -196O 
r e v e a l  a  705-mw absorb ing  component which f l u o r e s c e s  a t  720 mp. 
Resonance t r a n s f e r  of energy from c h l o r o p h y l l  a  t o  t h e  long wave 
l e n g t h  component -196' i s  shown by t h e  s e n s i t i z a t i o n  of t h e  720-rnp 
f l u o r e s c e n c e  by c h l o r o p h y l l  a  and t h e ' z h o t ~ s ~ n t h e t i c  accessory  p ig -  
ments. Energy t r a n s f e r  t o  t h e  705-'mp absorb ing  component a t  room 
temp. is  i n d i c a t e d  by d a t a  on t h e  f l u o r e s c e n c e  quenching of chloro-  
p h y l l  a a t  room temp. I t  i s  proposed t h a t  t h e  705-mp a b s o r p t i o n  band 
i s  due t o  a  complex o f  cytochrome and c h l o r o p h y l l  a .  



B u t l e r  , Warren L .  

E f f e c t s  of  r ed  a n d  f a r - r e d  l i g h t  on the  f l u o r e s c e n c e  y i e l d  o f  c h l o r o -  
. (U.S. Dept. of  Agr . ,  B e l t s v i l l e ,  Md.) . Biochem. Bio- 

phys.  Acta  64,  309-17 (1262) ( i n  E n g l i s h ) ,  Evidence i s  g i v e n  f o r  t h e  
p a r t i c i p a t i o n  of c h l o r o p h y l l  C-705 i n  t h e  photochemist ry  o f  photo- 
s y n t h e s i s .  The f l u o r e s c e n c e  o f  c h l o r o p h y l l  a  and C-705 i n  g reen  l e a v e s  
was examd. d u r i n g  t h e  i n d u c t i o n  p e r i o d  o f  p h o t o s y n t h e s i s  i n  a i r  and N, 
B r i e f  i l l u m i n a t i o n  of a  l e a f  w i t h  r e d  l i g h t  caused a n  i n c r e a s e d  y i e l d  
o f  c h l o r o p h y l l  a  f l u o r e s c e n c e ,  which l a s t e d  longer  i n  N t h a n  i n  a i r .  
T h i s  i n c r e a s e d  y i e l d  was i n h i b i t e d  by subsequent  i r r a d i a t i o n  w i t h  f a r -  
r e d  l i g h t .  The a c t i o n  spectrum f o r  t h e  e f f e c t  o f  f a r - r e d  l i g h t  showed 
a  max. n e a r  705 mp. I t  i s  cons idered  t h a t  t h e  e f f e c t s  o f  r e d  and f a r -  
r e d  l i g h t  on t h e  f l u o r e s c e n c e  y i e l d  o f  c h l o r o p h y l l  a  a r e  a m a n i f e s t a -  
t i o n  of t h e  2nd Emerson e f f e c t .  

Bys t rova ,  M. I .  and Krasnovsk i i ,  A.  A .  15,  17 
CA 63-7253a (1965) 

F luorescence  s p e c t r a  of p r o t o c h l o r o p h y l l  and p ro topheophyt in  i n  d i f -  
f e r e n t  s t a t e s .  (A. N.  Bakh Biochem. I n s t . ,  Moscow). B i o f i z i k a  10 (3)  
433-40 (1965) (Russ);  c f .  CA 54, 21356e; 58,  10440h. P r o t o c h l o r o p h y l l  
(I) e x t d .  from squash s e e d s  and chromatographed, and pheoprotochloro-  
p h y l l  ( I I ) ,  prepd. from I by a c i d i f i c a t i o n  i n  Et20 s o l n . ,  were  sub- 
j e c t e d  t o  f l u o r e s c e n c e  spec t romet ry .  I n  g e n e r a l ,  2 peaks a p p e a r ,  1 
below 680 mp and 1 above. So lns .  of I and I1 show l o n g e s t  X f l u o r e s -  
cence i n  p o l a r  s o l v e n t s ,  One o r  both  peaks f o r  e i t h e r  I o r  11 s p l i t  
a t  -196' compared w i t h  20' i n  a l c .  and i n  p y r i d i n e .  Adsorbates  o f  
I o r  I1 on f i l t e r  paper o r  powdered c e l l u l o s e  show displacement  of 
a t  b o t h  peaks and a  change of r e l a t i v e  i n t e n s i t y  o f  t h e  2 peaks com- 
pared w i t h  s o l n s .  The a d s o r b a t e  s p e c t r a  depends on concn. ,  temp., 
w a t e r  c o n t e n t  of t h e  s o l v e n t  d u r i n g  p repn . ,  . and r a t e  of evapn, of 
s o l v e n t .  Addn. of w a t e r  t o  a d s o r b a t e s  o f  X I ,  b u t  n o t  of I ,  caused a 
s h i f t  i n  s p e c t r a  t o  longer  and appearance of a n  addn l .  i r  peak.  
S o l i d  f i l m s ,  prepd. by evapn. o f  Et20 s o l n s . ,  show a  d i f f u s e  f l u o r e s -  
cence ,  w i t h  peaks a t  700 and 760 f o r  I and 685 and 760 mw f o r  11. For 
I ,  f l u o r e s c e n c e  i s  observed on ly  a t  low temp. A c t i v e  I i n  v ivo  h a s  
t h e  g r e a t e s t  s i m i l a r i t y  i n  f l u o r e s c e n c e  t o  I1 i n  p y r i d i n e  s o l n .  and 
i n  a d s o r b a t e s .  S p e c t r a  o f  a d s o r b a t e s ; o f  I resemble i n a c t i v e  I i n  v ivo  



~Byst rova ,  M. I . ,  Umrikhina, A.  V, and 
Krasnovski i ,  A.  A .  

,Photoreduct ion of pro tochlorophyl l  and protopheophytin.  (A. N. Bakh 
I n s t .  Biochem., Moscow). Biokhimiya 31 ( I ) ,  83-92 (1966) (Russ) . 
Protochlorophyll  (I) from pumpkin seeds showed max. abso rp t ion  a t  455 
and 430 mp. Photopheophytin (11) was obtained by t reatment  of I i n  
E t  e t h e r  wi th  10% HC1,  shaking, and washing wi th  water t o  remove 
a c i d i t y .  Photoredn. was c a r r i e d  out  i n  vacuo. Redn. of I w i t h  
a sco rb ic  a c i d ,  phenylhydrazine, and reduced benzylnicotinamide produced 
a compd, w i th  absorp t ion  max. a t  470 mp, apparent ly  as a  r e s u l t  of 
redn. of the conjugated double bond system of I. Redn. of I and 11 
w i t h  Zn amalgam i n  the  dark r e s u l t e d  i n  by-products w i th  max. absorp- 
t i o n  a t  470 and 525 mp. Solns.  of I and 11 i n  pyr id ine  revea led  a n  
i r r e v e r s i b l e  r e a c t i o n  of the  pigments wi th  m i n e ,  producing f i s s i o n  
of the  cyclopentanone r i n g  wi th  c h a r a c t e r i s t i c  s p e c t r a l  changes. The 
de r iv .  of 11 i n  talc.  pyr id ine  s o l .  a t  -40' produced a compd. w i th  
abso rp t ion  max. a t  640 mp. 

Calvin,  Melvin 

Some photochemical and photophysical r e a c t i o n s  of ch lorophyl l  and i t s ,  
r e l a t i v e s .  (Univ. of C a l i f o r n i a ,  Berkeley). Ib id .  317-55. I N :  Sym; 
posium on Light  and L i f e ,  Johns Hopkins Univers i ty ,  1960,Light and 
L i f e ;  proceedings. Edi ted  by William D ,  McElroy and Bentley Glass.  
(Johns Hopkins Univers i ty .  McCollum-Pratt I n s t i t u t e .  Cont r ibut ion  
No. 302). 

f 

Cederstrand,  Car l  N. ,  Rabinowitch, Eugene 1, 15, 17 
and Govindjee CA 65-426Oc (1966) 

Absorption and f luorescence s p e c t r a  of spinach ch lo rop la s t  f r a c t i o n s  
obta ined  by so lven t  e x t r a c t i o n .  (Univ. of I l l i o n i s ,  Urbana). Biochim. 
Biophys. Acta 120 (2) ,  247-58 (1966) (Eng) . Chlorophyll  components 
were sepd. i n  vivo by f r a c t i o n a l  extn. of c h l o r o p l a s t s  w i th  Me2CO and 
MeOH of var ious  concn. D i l ,  s o lven t s  were found t o  ex t .  more o r  l e s s  
i n t a c t  ch lo rophy l l - ca r r i e r  complexes. More concd. so lven t s  dissocd,  
these  complexes, i n  the e x t s . ,  and i n  the  r e s i d u a l  ch lo rop la s t  mate- 
r i a l .  The abso rp t ion  and f luorescence s p e c t r a  of t h e  e x t s ,  and the  
r e s idues  suggested a  p a r t i a l  sepn. of two types of complexes, wi th  the  
"long-wave" component, ch lorophyl l  a  683, extd.  ahead of t he  "short-  
wave" component, ch lorophyl l  a  668. A t  -196' a l l  ch lorophyl l  a  com- 
p lexes  became f luo rescen t ,  whi le  only one f luoresced  s t rong ly  a t  room 
temp. The r e l a t i v e  i n t e n s i t i e s  of the  f luorescence max. a t  685 mp, 
696-700 mp, and 735 mp change wi th  so lvent  concn. 



Chadderton,  Lewis T .  

O p t i c a l  p r o p e r t i e s  of the  ph tha locyan ines .  (Cavendish Lab , ,  Cambridge, 
Eng l , )  . S. Phys. Chem. S o l i d s  24 ( 6 ) ,  751-7 (1963). I f  the  s p e c t r a l  
s h i f t s  a r i s i n g  from temp. dependence and t h e  broadening due t o  c r y s t a l  
f i e l d  e f f e c t s  a r e  accounted f o r  t h e r e  i s  a  1:l correspondence between 
peaks observed i n  vapor ,  sublimed f i l m ,  and s i n g l e - c r y s t a l  a b s o r p t i o n  
s p e c t r a ,  The s imple  band model o f f e r s  a  reasonab ly  good d e s c r i p t i o n  
o f  erysc,  Ou, Pt, and m e t ~ l - f r ~ s  phhalucyanin88 .  'the s h a r p  energy 
l e v e l s  o f  t h e  f r e e  mole t r ans form i n t o  broad quas icon t inuous  bands on 
c r y s t n .  

C h i o r b o l i ,  Paolo;  R a s t e l l i ,  Augusto and 10,  7  
Momicchiol i ,  Fabio  CA 65-3168f (1966) 

T h e o r e t i c a l  s t u d i e s  i n  t h e  chemis t ry  and phvs ics  of h e t e r o c y c l e s .  I .  
The n - e l e c t r o n  system and uv spectrum o f  p v r r o l e .  (Univ. Modena, 
I t a l y )  . Theoret .  Chim. Acta  5 ( I ) ,  1-10 (1966) (Eng) . L.C.A.O. -S.C.F. 
c a l c n s .  w i t h  4 d i f f e r e n t  s e t s  o f  parameters  a r e  g iven  f o r  t h e  TT- 

e l e c t r o n  s t r u c t u r e  of p y r r o l e .  The aim was mainly t o  d i s c u s s  whether 
such c a l c n s  could account  f o r  t h e  mol. p r o p e r t i e s ,  o r  t h e  0 sys tem 
ought  t o  be e x p l i c i t l y  i n c l u d e d .  The e f f e c t s  o f  d i f f e r e n t  v a l u e s  f o r  
t h e  i n t e g r a l s  were d i s c u s s e d  by comparing f i n a l  r e s u l t s ,  concerning 
b o t h  - the  ground s t a t e  and t h e  e x c i t e d  s t a t e s .  A good agreement w i t h  
e x p t l .  d a t a  was o b t a i n e d ,  The u s u a l  l i m i t e d  c o n f i g u r a t i o n  mixing on 
t h e s e  S.C.F. r e s u l t s ,  l e a d i n g  t o  a  poor agreement f o r  t h e  e n e r g i e s  a s  
w e l l  a s  t o  a  l ack  o f  q u a l .  sequence of i n t e n s i t i e s ,  does  n o t  a l l o w  a 
c l e a r  i n t e r p r e t a t i o n  o f  t h e  uv spectrum. 

Cho, F . ,  Spencer,  J .  and Govindjee 1, 15 

> 
Biochim. Biophys.  A c t a ,  z, 174 (1966) 

Cho, F . ,  and Govindjee 1, 15 

i 
e . . uorescence C h a r a c t e r ~ t z c s  of C h l o r e l l a  a t  T,ow Temperatures 

( 4 ' ~  t o  77'~).  A b s t r a c t  o n l y .  
-1 
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Clar, E r i c h  

New York, Academic P r e s s ,  1964, 2 v o l s .  



Clay ton ,  R .  K .  

Primary r e a c t i o n s  i n  b a c t e r i a l  p h o t o s y n t h e s i s .  11. The quantum 
requirement  f o r  b a c t e r i o c h l o r o p h y l l  convers ion  i n  the  chromatophore. 
(Oak Ridge N a t l .  Lab, , Oak Ridge,  Tenn. ) . Pho tochem. Pho tob io l .  1, 
305-11 (1962) ; c f .  CA 58, 2672d. The e x t i n c t i o n  c o e f f .  of b a c t e r i o -  
c h l o r o p h y l l  (I) a t  i t s  long-wave max. i s  c a l c d .  roughly t o  be 7 . 3  x  
107 a t  a  d .  of 1 mole/cm2; t h i s  f i g u r e  i s  used a l s o  f o r  the  s p e c i a l  
component, denoted ( 1 1 ) ,  of I .  A quantum requirement  necessa ry  f o r  

1 the  r e v e r s i b l e  a l t e r a t i o n ,  i n v o l v i n g  b l e a c h i n g  of t h e  long-wave 
.I 

a b s o r b t i o n  band a t  870-90 mp, and a  blue s h i f t  o f  t h e  800 mw band, of 
one mol. o f  I1 i s  e s t d .  t o  be from 2 t o  4 q u a n t a ,  even i n  d ry  prepns .  
a t  1'~. The conc lus ion  i s  reached t h a t  I1 i s  an  e f f e c t i v e  s i n k  f o r  
e x c i t a t i o n  energy i n  the  chromatophore. 

C lay ton ,  Roderick K. 1, 2  17 

Absorp t ion  S p e c t r a  o f  P h o t o s y n t h e t i c  B a c t e r i a  and t h e i r  C h l o r o ~ h v l l s .  
B a c t e r i a l  Photosvf ihes is  - Howard Ges t ,  Anthony San P i e t r o  and Leo P. 
Vernon (ed.  ) . 

Clay ton ,  Roderick K. 

.Re la t ions  between photochemist ry  and f l u o r e s c e n c e  i n  c e l l s  and e x t r a c t s  
o f  p h o t o s y n t h e t i c  b a c t e r i a .  (Char les  F. K e t t e r i n g  Res. Lab . ,  Yellow 
S p r i n g s ,  Ohio) .  Photochem Photob io l .  5 ( l o ) ,  807-21 (1966) (Eng) ; c f .  
Vredenberg and Duysens, CA 58, 8249g. Under a e r o b i c  c o n d i t i o n s  l i g h t -  
induced changes i n  t h e  f l u o r e s c e n c e  y i e l d  showed a  s t r i c t  correspond-  
ence w i t h  t h e  b leach ing  of t h e  s p e c i a l i z e d  r e v e r s i b l y - b l e a c h e d  b a c t e r i -  
o c h l o r o p h y l l  P 870 i n  Rhodospir i l lum rubrum, Chromatium and Rhodo- 
pseudomonas s p h e r o i d e s .  Th i s  was n o t  observed under a n a e r o b i c  condi-  
t i o n s .  Redn. o f  a  primary photochem. e l e c t r o n  a c c e p t o r  might be 
invo lved .  I n  chromatophore p repns . ,  changes i n  r a t e  c o n s t s .  f o r  
quenching of s i n g l e t  e x c i t a t i o n  energy occur red .  A band s h i f t  o f  
b a c t e r i o c h l o r o p h y l l  a l s o  occur red .  These e f f e c t s  were absen t  under 
a e r o b i c  c o n d i t i o n s  . 



Clay ton ,  R .  K .  

Reac t ions  of c a r o t e n o i d s  and cvtochromes i n  i l l u m i n a t e d  b a c t e r i a l  
chromatophores.  I b i d ,  313-23. The l i g h t - i n d u c e d  b leach ing  and r e d  
s h i f t  of  the  a b s o r p t i o n  bands r e a c t i o n  of c a r o t e n o i d s  i s  e l i m i n a t e d  
immediately and i r r e v e r s i b l y  by exposure  t o  deoxycholate .  The r e a c -  
t i o n  i s  g r e a t e s t  i n  wet chromatophores;  e x h a u s t i v e  d e s i c c a t i o n  e l i m i -  
n a t e s  r e v e r s i b l y  a l l  t h e  l i g h t - i n d u c e d  o p t i c a l  changes.  I n  dry  f i l m s ,  
t he  r e a ~ k i - o n  i s  prefient o p p z e ~ C a b b y  nnly  at an optimum, very  f~ H20  
vapor concn. The c a r o t e n o i d  r e a c t i o n  h a s  the  fo l lowing  a t t r i b u t e s :  
I t  occurs  r e v e r s i b l y  i n  a i r - d r i e d  m a t e r i a l  a t  ~ O K ,  showing approx. t h e  
same decay k i n e t i c s  as t h e  r e v e r s i b l e  change o f  11; r e v e r s i b l e  t r a p -  
p i n g  of e l e c t r o n s  o r  h o l e s  a t  room temp., b u t  a t  n o t  l e s s  t h a n  150°K, 
i s  sugges ted  by decay k i n e t i c s ;  extreme s e n s i t i v i t y  t o  s t r u c t u r a l  
a l t e r a t i o n s ;  i n  some i n s t a n c e s ,  t h e  o n s e t  of t h e  r e a c t i o n  l a g s  behind 
t h a t  of o t h e r  r e a c t i o n s .  These a r e  i n t e r p r e t e d  a s  a r i s i n g  from t h e  
d i f f u s i o n  of e l e c t r o n s  o r  h o l e s  from t h e  a r e a  of I1 t o  t h e  c a r o t e n o i d  
mols . ,  a l t e r i n g  t h e i r  a b s o r p t i o n  s p e c t r a .  I n  Chromatium, t h e  b leach-  
i n g  a t  423 mp, i s  due t o  a l i g h t - i n d u c e d  cytochrome ox idn . ,  appear ing  
t o  be c l o s e l y  connected t o  the  I1 a l t e r a t i o n .  The d a t a  i n d i c a t e  t h a t  
e l e c t r o n  v a c a n c i e s  a r i s i n g  i n  I1 a r e  t r a n s f e r r e d  r a p i d l y  t o  t h e  
cytochrome. 
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Clayton,  Roderick K.  12 
CA 63-7363a (1965) 

Molecu la r  Phvs ics  i n  Pho tosvn thes i s  (A B l a i s d e l l  Book i n  the  Pure and 
Appl ied S c i e n c e s ) .  New York: B l a i s d e l l .  1965. 205 pp. 

I 

Clezy,  I?, S,  and  M o r e l l ,  D. B. 1, 9 

Biochimica e t  Biophysica  A c t a ,  71 (1963) p.  165-171. 

Clezy,  P. S. and Nichol ,  A. W. 

Chemistrv of v v r r o l i c  com~ounds.  I .  S y n t h e s i s  of oxoporphyrins.  
(Univ. Mew South Wales, Kensington) ,  A u s t r a l i a n  J. Chem, 1 8  (11) , 
1835-45 (1965) (Eng) . 



Condacse, A .  and Radulescu Em, 2 ,  13 ,  11 
CA 63-16631d (1965) 

B i o s y n t h e s i s  and pha ( S e r v i c i u l  Med., S p i t a l u l  
M i n i s t e r u l u i  F i n a n t e l o r ,  Buchares t ,  Rom.). Med. I n t e r n a  1 7  ( 6 ) ,  669- 
74 (1965) (Rom) . A review of 24 r e f e r e n c e s  . 

C s u r i ,  I .  5. 

U l t r a v i o l e t  and v i s i b l e  s p e c t r o s c o p i c a l  examinat ions  o f  diachrome and 
f luorochrome dyes .  (Univ. Med. School ,  Budapest ,  Hung.). Acta  
Histochem. 22 (5 -8 ) ,  283-97 (1965) (Eng). I n  h is tochem.  r e a c t i o n s  t h e  
formed o r  r e a c t e d  dye o f t e n  undergoes unexpected changes.  The r e l a -  
t i o n  between s t r u c t u r e  and s p e c t r o s c o p i c  p r o p e r t i e s  o f  s e v e r a l  dyes 
was s t u d i e d .  The uv s p e c t r a  o f  aq .  dye s o l n s .  a t  d i f f e r e n t  concns.  
were  de td .  3-Dimensional  s p a t i a l  f i g y r e s  were prepd.  because  they  
b e s t  d e p i c t e d  changes o c c u r r i n g  d u r h g  d i l n .  The f i g u r e s  demons t ra te  
t h e  % t r a n s m i s s i o n ,  the  d i l n s . ,  and the  wavelengths .  The dyes  were 
grouped a s  f o l l o w s :  ph tha locyan ine  group (Alc ian  Blue ( I ) ) ;  t h i a z i n e  
group (Azure A (11); a c r i d i n e  group of  xanthene dyes (Acr id ine  Orange 
(111) , A c r i d i n e  Yellow (IV),  Aurophosphine (V))  ; rhodamine group of  
xanthene dyes ( e o s i n e  (VI) , f l u o r e s c e i n  (VII) ) ; t r i p h e n y  lme thane group 
( A n i l i n e  Blue ( V I I I ) )  ; n i t r o s o  group (Naphthol Green (IX)) ; t h i a z o l e  
g roup  (p r imul ine  (X) )  ; and a i s a z o  group o f  azo dyes (Congo r e d  (XI)) .  
From t h e  s p e c t r a ,  t h e  11 dyes  a r e  a r r a n g e d  i n t o  3  c l a s s e s ;  r e g u l a r  
s p a t i a l  s p e c t r a ,  medium p e r t u r b e d  s p a t i a l  s p e c t r a ,  and s t r o n g l y  pe r -  
t u r b e d  s p a t i a l  s p e c t r a .  A r e g u l a r  s p a t i a l  f i g u r e  i s  found i n  V I I L ,  
I X ,  111, I ,  and 11. The s p a t i a l  f i g u r e s  o f  I V Y  X ,  and V show a  medium 
p e r t u r b a t i o n .  I n  I V ,  t h i s  a p p e a r s  a t  4800-510QA. I n  X ,  p e r t u r b a t i o n  
of  t h e  s p a t i a l  f i g u r e  a l s o  f a l l s  between 4050 and 5100 A., b u t  a  few 
d i l n s .  show i r r e g u l a r i t i e s  a l s o  between 6250 and 6750 A.  Among the  3  
d y e s ,  t h e  s p a t i a l  f i g u r e  o f  V i s  t h e  most i r r e g u l a r ,  i n  which p e r t u r b a -  
t i o n s  occur ,  4800-5780 A .  I n  aq. medium, assocn.  between t h e  mols.  of  
X o c c u r s ,  3360-4800 A , ,  whereas d i s s o c n .  a p p e a r s  a t  5100 A. I r r e g u -  
l a r i t y  i s  complete  a t  4800 A .  These o b s e r v a t i o n s  cor respond  t o  t h e  
p e r t u r b a t i o n  p o i n t s  t o  be found on t h e  s p a t i a l  f i g u r e .  A s t r o n g l y  
p e r t u r b e d  s p a t i a l  f i g u r e  was o b t a i n e d  i n  t h e  s p e c t r a  o f  V I ,  V I I ,  and 
X I .  P e r t u r b a t i o n  of  V I  l i e s  a t  5400-5780 A .  V I I  showed t h e  g r e a t e s t  
p e r t u r b a t i o n ,  4800-5100 A.  The most  t a n g l e d  s p a t i a l  f i g u r e  was due t o  
XI ,  from 5400 A .  toward g r e a t e r  wave leng ths .  P e r t u r b a t i o n  of  t h e  
s p a t i a l  f i g u r e s  occur red  more o f t e n  a t  c e r t a i n  wavelengths .  I t s  occur-  
r e n c e  was 40% a t  4800-5100 A , ,  15% a t  5780 A . ,  and 11% a t  4050-4360 A. 



Dadylcin, V . ,  Chernomorskii ,  S .  A .  
and P o t a e v i c h ,  E .  V .  

C o r r e l a t i o n  between the  a b s o r p t i o n  of r a d i a n t  e n e m y  and t h e  pigment 
c o n t e n t  i n  suspens ions  o f  C h l o r e l l a .  (Kare l i an  Branch Acad. S c i .  
U.S.S.R., Pe t rozavodsk) .  Botan. Zh. 49 ( 3 ) ,  398-403 (1964).  The con- 
t e n t s  of c h l o r o p h y l l s  and c a r o t e n o i d s  and l i g h t  a b s o r p t i o n  curves  were 
d e t d .  i n  12 mutants  of C h l o r e l l a ,  D i f f e r e n c e s  i n  a b ~ n r p t i n n  of k i p h t  
a r e  connected n o t  on ly  w i t h  v a r i o u s  amts.  of c e l l  pigments b u t  a l s o  
w i t h  t h e i r  compn., fo rmat ion  o f  l i p o p r o t e i n  complexes, and t h e  p r e s -  
ence o f  i n t e r m e d i a r y  m e t a b o l i t e s .  17 r e f e r e n c e s .  

Dahl,  J. P. and Hansen, Aage E. 

S e l f - c o n s i s t e n t  f i e l d  molecular  o r b i t a l  c a l c u l a t i o n  f o r  n v r r o l e .  
(Univ. Copenhagen). Theore t .  Chim. Acta  1, 199-205 ( 1 9 6 3 ) ( i n  Engl i sh ) .  
The e l e c t r o n i c  s t r u c t u r e  and spectrum of  p y r r o l e  were s t u d i e d  by 
u s i n g  the  semiempi r ica l  L.C.A.0.-S.C.F.-M.O. method. With c o n f i g u r a -  
t i o n  i n t e r a c t i o n  i n c l u d e d ,  low e x c i t e d  s i n g l e t  s t a t e s  were c a l c d .  t o  
occur  a t  5 .98,  6.74, 7.33, and 8.20 e .v . ,  i n  good agreement w i t h  
e x p t l .  v a l u e s  o f  about  5 .88,  6.77,  and 7.21 e .v ,  The d i p o l e  moment o f  
t h e  mol. was c a l c d .  t o  be 1.84D; a s  compared w i t h  t h e  e x p t l .  v a l u e ,  
1.80D. Tab les  of s p h e r i c a l - c o r e - a t t r a c t i o n  i n t e g r a l s  f o r  combinat ions  
o f  6 and N atoms a r e  p resen ted .  

Dhere,  Ch. and Bois ,  Elphege 

F luorescence  of n a t u r a l  and a r t i f i c i a l  porphyr ins .  Compt. rend.  183, 
321-3 (1926) ;  c f .  C.A. 1 8 ,  3141; 19 ,  936. The s p e c t r a  of t h e  f l u o r e s -  
cence of t h e  n a t u r a l  p roduc t s  p r o t o p o r p h y r i n ,  u roporphyr in  and copro- 
porphyr in ,  and o f  t h e  a r t i f i c i a l  p roduc t s  hematoporphyrin,  mesoporphy- 
r i n ,  e t i o p o r p h y r i n  and i s o e t i o p o r p h y r i n  i n  1 i n  50,000 s o l n .  i n  p y r i -  
d i n e  a r e  t a b u l a t e d ,  

New method f o r  t h e  p roduc t ion  of h e r a p h a t h i t e .  A.  Zimrnern, Compt. 
rend.  182, 1082-3 (1926)- Herapath  prepd. h e r a p a t h i t e  by mixing w i t h  
h e a t  a n  a l c .  s o l n .  of I w i t h  a n  a c e t o - a l c .  s o l n .  of n e u t r a l  q u i n i n e  
s u l f a t e ,  (Cf. P h i l .  Mag. 3 ,  161;  4 ,  346 (1852-53)). The c r y s t a l s  
o b t a i n e d  were t o o  smal l  f o r  o p t i c a l  use .  The new method s u b s t i t u t e s  
vapor  of I a t  d e f i n i t e  temp. i n  p l a c e  o f  t h e  t i n c t u r e  of I ,  and y i e l d s  
p l a t e s  2  o r  3  cm on a  s i d e .  



D j u r i c  , D. 

F luorescence  of porphyr ins .  Arh iv  Farm (Belgrade) 11, 1-6 (1961). 
A review w i t h  46 r e f e r e n c e s .  (Not i n  ~ n ~ l i s h  .) 

Duyaons, L, N, M., A m a s s ,  J. 
and Kamp, B. M. 

Two photochemical  systems i n  p h o t o s y n t h e s i s .  ( S t a t e  Univ , ,  Leiden,  
Neth . ) .  Nature 190, 510-11 (1961).  Evidence i s  summarized f o r  the  
p o s t u l a t e  t h a t  two pigment systems ( I  and 11)  a r e  n e c e s s a r y  f o r  o p t i -  
mal p h o t o s y n t h e s i s .  System 11, w i t h  max. a c t i v i t y  a t  560 mp ( i n  
Porphyridium cruentum) i n c l u d e s  t h e  f l u o r e s c e n t  c h l o r o p h y l l  a  and 
most o f  t h e  p h y c o b i l i n s  ( p r i m a r i l y  phycoery th r in ) .  I t  i s  r e s p o n s i b l e  
f o r  t h e  a c t i o n  spectrum of c h l o r o p h y l l  a  f l u o r e s c e n c e  and on i l l u m i n a -  
t i o n  reduces  t h e  cytochrome ( f  o r  c )  band a t  420 mp,. System I1 (with 
max. a c t i v i t y  a t  680 mp) i n c l u d e s  the  non- o r  weak ly- f luorescen t  
c h l o r o p h y l l  a  and some p h y c o b i l i n s .  On i l l u m i n a t i o n  i t  reduces  the  
420 mp cytochrome ( f  o r  c )  band. For e q u a l  i n c i d e n t  q u a n t a ,  t h e  r a t i o  
of a c t i v i t y  a t  570 t o  680 mp i s  83.5120.6. The a l g a e  show a n  Emerson 
e f f e c t ,  i . e . ,  i f  i l l u m i n a t e d  a t  both  wavelengths ,  t h e  r a t e  o f  photo- 
s y n t h e s i s  i s  h i g h e r  t h a n  t h e  sum of i n d i v i d u a l  r a t e s .  A scheme of 
the  f u n c t i o n  of systems I and I1 i s  p r e s e n t e d  and i s  b e l i e v e d  t o  be 
a p p l i c a b l e  t o  p h o t o s y n t h e s i s  o f  h i g h e r  and lower p l a n t s .  

Eastwood, D . ,  Edwards, L. 4 ,  1 0 ,  15 
and Gouteman ,  M. and S t c i n f e l d ,  J .  CA 66-15418d (1966) 

S p e c t r a  o f  porphyr ins .  V I I .  Vapor a b s o r p t i o n  and emiss ion of 
ph tha locyan ines  . (Harvard Univ. ) . J. Mol. S p e c t r o s c .  20 (4) , 381-90 
(1966)(Eng);  c f .  CA 65, 16075a. Absorp t ion  s p e c t r a  and f l u o r e s c e n c e  
s p e c t r a  e x c i t e d  by t h e  He-Ne l a s e r  l i n e  a t  633 a r e  r e p o r t e d  f o r  
H2Pc, MgPc, and ZnPc i n  t h e  vapor .  CuPc showed no vapor emiss ion.  
The y i e l d s  o f  f l u o r e s c e n c e  a r e  temp, dependent ,  b u t  r e l a t i v e l y  inde-  
pendent o f  the  p resence  o f  the  f o r e i g n  gases  A r ,  N ,  CF2C12. There  i s  
no ev idence  f o r  resonance f l u o r e s c e n c e .  The i m p l i c a t i o n  of t h e  observa-  
t i o n s  f o r  t h e  t h e o r y  of r a d i a t i o n l e s s  t r a n s i t i o n s  i s  d i scussed .  
24 r e f e r e n c e s .  

- - 



E b e r h a r d t ,  W.  H ,  and Renner,  H .  

The magnet ic  r o t a t i o n  spectrum of s i n g l e t - t r i p l e t  t r a w t z o n s ,  . . 
(Georgia I n s t .  of  Technol . ,  A t l a n t a ) .  J.  Mol. Spectroscopy 6 ,  483-91 
(1961) ;  c f ,  CA 55, 1 0 0 5 4 ~ .  The magnet ic  r o t a t i o n  s p e c t r a  were ob- 
s e r v e d  f o r  s e v e r a l  s u b s t a n c e s  i n  r e g i o n s  thought  t o  correspond t o  
s i n g l e t - t r i p l e t  t r a n n t t i a n s ,  Thn i~mgnabia r a ~ a c k u n  ~pdctrutm o f  WGHQ 
i n  t h e  r e g i o n  3700-3960 A corresponded t o  t h e  a b s o r p t i o n  spectrum. 
For  g l y o x a l ,  t h e  spectrum was v e r y  i n t e n s e ,  and t h e  band s t r u c t u r e  had 
a  p e c u l i a r  appearance.  A c r o l e i n  had a n  extremely weak band a t  4123 A. 
Benzoquinone e x h i b i t e d  1 band a t  5352.2 A  which was a p p a r e n t l y  a  
s u p e r p o s i t i o n  o f  many l i n e s  shaded t o  t h e  r e d .  No r o t a t i o n  s p e c t r a  
were observed f o r  t h e s e  compds.: AcH, b i a c e t y l ,  c ro tona ldehyde ,  
C10H8, 1-BrCloH7, 1, 4-naphthoquinone,  and f l u o r e n e .  The observed 
s p e c t r a  a r e  d i s c u s s e d  i n  d e t a i l ,  The magnet ic  r o t a t i o n  s p e c t r a l  t ech-  
n ique appeared q u i t e  u s e f u l  f o r  t h e  i d e n t i f i c a t i o n  and c h a r a c t e r i z a -  
t i o n  of s i n g l e t - t r i p l e t  t r a n s i t i o n s .  

Efremova, R. V. 

Aggregat ion o f  c h l o r o p h y l l  and c h l o r o ~ h v l l i d e  molecules .  I z v e s t .  Akad. 
Nauk S.S.S.R., S e r .  F i z .  24, 616-19 (1960). Absorp t ion  and luminescence 
s p e c t r a  were o b t a i n e d  of c h l o r o p h y l l  a and o f  c h l o r o p h y l l i d e  i n  concns. 
1 0 - ~ - 1 0 - 7  m o l e / l .  i n  H20, EtOH, and i n  b i n a r y  mix t s .  EtOH and H2O0 
H20 i n  EtOH causes  a g g r e g a t i o n  o f ' c h l o r o p h y l l  which can be r e v e r s e d  by 
a  r i s e  i n  temp. t o  40°. Chlorophyl l ide  i s  p r e s e n t  i n  2  s t a t e s :  
monomeric (max. 630 mp) and d imer ic  (max. 652 mp,) . The u r e l y  mono- 
m e r i c  form of  c h l o r o p h y l l i d e  i s  p r e s e n t  d n l y  a t  10-6-10-7 mole / l .  
I n c r e a s e  i n  temp. d i s s o c .  t h e  dimer. 

E g l e ,  K a r l  11, 17 
CA 48-8877 (1954) 

B i o s y n t h e s i s  of c h l o r o p h y l l  pigments.  (Univ. F r a n k f o r t ,  G e r . ) .  
Na turwissenschaf ten  40,  569-76 (1953). A rev iew on s y n t h e s i s  o f  
c h l o r o p h y l l  i n  t h e  p l a n t ,  p r o t o c h l o r o p h y l l ,  b a s i c  b u i l d i n g  b locks  f o r  
p o r p h y r i n s ,  and the  phyl logeny of  p y r r o l e  pigments.  Many r e f e r e n c e s .  



E l l i o t t ,  W.  B .  and D o e b b l e r ,  G ,  F. 

P r o b l e m s c i r n e n s .  
( S t a t e  Univ, New York, B u f f a l o ) .  Anal.  Biochem. 15 ( 3 ) ,  463-9 (1966) 
(Eng). Depress ion of t h e  S o r e t  a b s o r p t i o n  peak of reduced cytochrome 
c  i s  p a r t i a l l y  caused by m u l t i p l e  r e f l e c t i o n  o f  forward s c a t t e r e d  
l i g h t ,  caus ing  i t  t o  r e a c h  t h e  p h o t o m u l t i p l i e r  w i t h o u t  p a s s i n g  through 
the specimen. A s i m p l e  insert: f o r  the Dowar which reduse& 1nulti.pl.e 
r e f l e c t i o n  of forward s c a t t e r e d  l i g h t  i s  d e s c r i b e d .  A change i n  t h e  
r a t i o  of S o r e t  t o  CY absorbance of reduced cytochrome c  i s  observed on 
c o o l i n g  t o  -196O. 

E v s t i g n e e v ,  V .  B. 

E f f e c t  of s o l v e n t  on t h e  a b s o r p t i o n  s p e c t r a  o f  c h l o r o p h y l l .  (Bakh 
Biochem. I n s t . ,  Moscow). Biokhimiya 17,  559-62 (1952). The r e s u l t s  
of H a r r i s  and Z s c h e i l e  (C.A. 37,  46288) a r e  s u b j e c t e d  t o  a  c r i t .  a n a l -  
y s i s .  The change i n  a b s o r p t i o n  a t  t h e  same concn. of c h l o r o p h y l l  i s  
s l i g h t  when t h e  s o l v e n t  Et20 i s  r e p l a c e d  by Me2CO. Thus, the  max. 
a b s o r p t i o n  i n  t h e  r e d  f o r  the  Et20 s o l n .  i s  660 my, and t h e  e x t i n c t i o n  
c o e f f .  0.472. The cor responding  v a l u e s  f o r  t h e  Me2C0 s o l n .  a r e  662 mp 
and 0.431. The max. a b s o r p t i o n  i n  t h e  b l u e  f o r  t h e  Et20 s o l n .  i s  428  
my, and  t h e  e x t i n c t i o n  c o e f f .  0.625. For the  Me2CO s o l n .  the  c o r r e -  
sponding v a l u e s  a r e  430 and 0.542. The a b s o r p t i o n  s p e c t r a  o f  
c h l o r o p h y l l  i n  d i f f e r e n t  s o l v e n t s  p u b l i s h e d  by H. and Z .  a r e  n o t  com- 
p l e t e l y  comparable and t h e i r  use f o r  a n a l y t i c a l  purposes  can l e a d  t o  
e r r o r s .  

E v s t i g n e e v ,  V.  and Bekasova, 0 .  D. 

Pho toreduc t ion  o f  c h l o r o p h y l l  a ,  b a c t e r i o v i r i d i n ,  b a c t e r i o c h l o r o p h y l l ,  
and p r o t o c h l o r o p h y l l  i n  nonpolar  s o l v e n t s .  (A. N.  Bakh Biochem. I n s t . ,  
Moscow). Dokl. Akad. Nauk SSSR 154 ( 4 ) ,  946-9 (1964). Chlorophyl l  a  
d u r i n g  photoredn.  a t  room temp. o r  -45' i n  MePh gave a  new a b s o r p t i o n  
max. a t  585 mp. The r e a c t i o n  was r e v e r s e d  i n  t h e  da rk  b u t  was s low,  
b e i n g  a c c e l e r a t e d  by 0  and e l e v a t i o n  o f  t h e  temp. Po la r  s o l v e n t s  
r e p r e s s e d  t h e  fo rmat ion  o f  t h e  new 585 mp rnax. The photoredn.  of 
b a c t e r i o v i r i d i n  under t h e s e  c o n d i t i o n s  was s lower  than  t h a t  o f  
c h l o r o p h y l l  a ,  b u t  t h e  reduced s o l n .  had maxima a t  510 and 560 mp; 
t h e  r e v e r s e  r e a c t i o n  i n  t h e  d a r k  was very slow. P y r i d i n e  a c c e l e r a t e d  
t h e  r e a c t i o n  and suppressed  t h e  560 mp rnax.; the  a c c e l e r a t i o n  was 
g r e a t e r  f o r  t h e  r e v e r s e  dark r e a c t i o n .  B a c t e r i o c h l o r o p h y l l  a f t e r  



photoredn,  was n e a r l y  c o l o r l e s s ,  whi le  pho toch lorophyl l  reduced t o  a 
p roduc t  w i t h  one max. a t  470 mp,. P y r i d i n e  a c c e l e r a t e d  the  d i r e c t  
r e a c t i o n  but  had l i t t l e  e f f e c t  on the  slow r e v e r s e ,  dark  r e a c t i o n .  
I t  a l s o  produced a weak m a x ,  a t  665-70 mp.  The photoredn. bas  accom- 
p l i s h e d  w i t h  PhNHNH2. 

Evs t igeneev ,  V. B. and Gavr i lova ,  V. A .  

Tha abFlb6y e f  adnorbed cklnrnphyll 6~ p h n f e s @ n a i c i - a ~ ~ -  
r e d u c t i o n  r e a c t i o n s .  B i o f i z i k a 5 ,  599-608 (1960). Chlorophyl l  a and b ,  
p r o t o c h l o r o p h y l l ,  pheophyt in ,  phthalocyanin-Mg and -Cu were adsorbed 
from MeOH, EtOH, EtzO, dioxane,  a c e  tone ,  e  t c .  on A1203, ZnO , Ca3 (PO4) 2 ,  
hemoglobin, S i02 ,  30 v .  400 w. lamp w i t h  a  condenser and f i l t e r s  whi le  
suspended i n  s o l n s .  o f  e l e c t r o n  donors and a c c e p t o r s ,  e.g.  a s c o r b i c  
a c i d  f methyl  r e d .  The I / I ~  of  the  a c i d i c  mix t .  a t  520 mp was p l o t t e d  
a g a i n s t  t ime. The r e a c t i o n  r a t e  was p r o p o r t i o n a l  t o  t h e  v o l .  concn. 
o f  t h e  a d s o r b a t e  and t o  t h e  l i g h t  i n t e n s i t y ,  and i n c r e a s e d  w i t h  the  
s u r f a c e  a r e a  o f  t h e  a d s o r b a t e ,  and t h e  temp. The r e d  max. of ch lo ro-  
p h y l l  appeared f l a t t e n e d  and s h i f t e d  t o  665-80 mp. Theophytin Cu i n  
o rg .  s o l n .  o r  adsorbed  on ZnO was i n e r t  toward PhN2,H3 o r  Ascorbic  
a c i d ,  b u t  was a c t i v e  on A1203. S h o r t - l i v e d  semiquinone i o h - r a d i c a l s  
i n i t i a t e  t h e  r e a c t i o n s  by e l e c t r o n  wi thdrawal .  

F a l k ,  J. E., Appleby, C. A. 
and P o r r a ,  R. J. 

a e  Nature .  Func t ion  and B i o s y ~ & h e s i s  of t h e  Haem Compound$ and 
Porphvr ins  o f  Legume Root Nodules, Symposium S o c i e t y  Exper imental  
Biology,  13 (1959) p. 73. 

F a l k ,  J. E. 9  

Some New Compounds o f  Haems w i t h  Bases. Haematin Enzymes, Vol. 19,  
P a r t  1 (1959) F. 74-76, Pergamon Press .  

F a l k ,  3 .  E. and P e r r i n ,  D, D. 2 ,  9, 13 

S ~ e c t r a  and Redox P o t e n t i a l s  of M e t a l l o ~ o r ~ h v r i n s  and Haemoproteins. 
Haematin Enzymes, Volume 19 (1959) p .  56-79, Pergamon P r e s s .  



F a l k ,  J. E .  1-17 

F a l k ,  J. E .  and Nyholm, R .  S .  13  

Cur ren t  Trends i n H e t e r o c y c l i c C h e m i s t r y ,  But te rwor ths ,  London (1958), 
p.  1 3 0 , e d i t e d  by A l b e r t ,  A , ,  Badger, C. ria and Shoppee, C, W, 

P a l k ,  J. E. and P e r r i n ,  D. D. 9 

Haematin Enzymes, Pergamon, London 1961, p. 56. F a l k ,  J. E . ,  Lemberg, 
R. and  Morton, R.  K., e d i t o r s .  

F e l t o n ,  Ronald H. and L i n s c h i t z ,  Henry 2 ,  1 6  
CA 64-13762h (1966) 

B l a r o z r a p h i c  r e d u c t i o n  o f  porphyr ins  and e l e c t r o n  s p i n  resonance of 
porphyr in  a n i o n s .  (Harvard Univ.). J. Am. Chem. Soc. 88 ( 6 ) ,  1113-16 
(1966)(Eng).  Po la rograph ic  measurements were made on a no. o f  t e t r a -  
phenylporphyr in  and e t i o p o r p h y r i n  complexes, i n  HCONMe2 o r  Me2S0 s o l n .  
The polarograms a r e  c h a r a c t e r i z e d  by 2  main waves cor responding ,  f o r  
t h e  most p a r t ,  t o  1 - e l e c t r o n  r e d n s .  Th is  i s  confirmed by t h e  o p t i c a l  
and E.S.R. a b s o r p t i o n  o f  porphyr in  monoanions, prepd.  by e lect rochem.  
redn .  a t  t h e  1st half-wave p o t e n t i a l .  Evidence i s  g iven  t h a t  addn. o f  
b o t h  e l e c t r o n s  g e n e r a l l y  o c c u r s  i n t o  o r b i t a l s  be long ing  mainly  t o  t h e  
porphyr in  r i n g ,  e x c e p t  f o r  Co t e t r a p h e n y l p o r p h y r i n ,  i n  which redn.  
a p p e a r s  t o  occur  i n  a  m e t a l - c e n t e r e d  o r b i t a l .  These r e s u l t s ,  and t h e  
observed o r d e r  of i n c r e a s i n g  neg. half-wave p o t e n t i a l s  (corresponding 
t o  t h e  c a l c d .  o r d e r  of o v e r a l l  neg. c h a r g e . o n  t h e  r i n g ) ,  a r e  i n  agree -  
ment w i t h  r e c e n t  t h e o r e t i c a l  r e s u l t s  of Zerner  and Gouterman (CA 64, 
7385f ) .  The monoanion E.S.R. s p e c t r a  f a l l  i n t o  2  c l a s s e s ,  d i f f e r i n g  
s h a r p l y  i n  l i n e  b r e a d t h  and g v a l u e ,  The l i n e  w i d t h s  a r e  d i s c u s s e d .  

Ferguson,  Lloyd N .  

R e l a t i o n s h i p s  between a b s o r p t i o n  s p s c t r a  and chemical  c o n s t i t u t i o n  o f  
o r p a n i c  molecules .  Chem. Revs. ,43, 385-446 (1948). A rev iew w i t h  312 
r e f e r e n c e s .  



Ferguson, Lloyd  N, CA 47-3327b (1953) 

New York: P r e n t i c e - H a l l .  
1952. 3 3 5 p p .  

Fernandea,  J o s e  and Recker,  Ralph  S. 

U~t ique  lumfnsacences of d ry  eh lo rop l -~y l l s .  (Unfv. of Houston, Texas) , 
J. Chem. Phys. 31,  467-72 (1959);  c f .  C.A.  49 ,  12969h. Dry c h l o r o -  
p h y l l ~  a  and b  i n  a  r i g i d  g l a s s  hydrocarbon s o l v e n t  have i n t e n s e  emis- 
s i o n  a t  7550 and  7330 A ,  r e s p .  I n  each c a s e  t h e  room-temp. a b s o r p t i o n  
s p e c t r a  show t h e  p resence  of a  band s h o u l d e r  on t h e  long wavelength 
s i d e  o f  t h e  main r e d  band. Both t h e  emiss ion  and t h e  a b s o r p t i o n  bands 
d i s a p p e a r  i n  t h e  p resence  o f  h y 4 r o x y l i c  s o l v e n t s .  The a b s o r p t i o n  and * emiss ion  a r e  i n t e r p r e t e d  a s  n - n  s i n g l e t  and n - n  t r i p l e t  t r a n s i t i o n s ,  * r e s p .  The l i f e t i m e  o f  t h e  n-rr t r i p l e t  emiss ion  i n  c h l o r o p h y l l  a  i s  
e s t d .  t o  be  l om3  s e c .  Cu c h l o r o p h y l l  b  h a s  a n  i n t e n s e  phosphorescence 
a t  8740 A w i t h  a  l i f e t i m e  of  l e s s  t h a n  10 '~  s e c .  The d i f f e r e n c e s  i n  
t h e  room-temp. emiss ion  s p e c t r a  f o r  c h l o r o p h y l l s  a  and b  a r e  d i s c u s s e d .  

F i e l d i n g ,  P. E .  and MacKay, A.  G .  

E l e c t r i c a l  and o p t i c a l  p r o p e r t i e s  o f  t h e  ph tha locyan ines .  (Univ. New 
England,  Armidale ,  A u s t r a l i a ) .  J. Chem. Phys. 38 (11) , 2777-8 (1963). 
Measurements were  c a r r i e d  o u t  on t h i n  s i n g l e  c r y s t a l s  prepd.  from p u r i -  
f i e d  p h t h a l o d i n i t r i l e  s o l n .  R e l a t i v e l y  s t r o n g  a b s o r p t i o n  bands were 
observed ,  8000-10,000 cm'l, i n  m e t a l - f r e e ,  Cu, and N i  ph tha locyan ines  
and weak a b s o r p t i o n  f o r  Co phthalocyanine, ,  S t r o n g e r  bands were ob- 
s e r v e d ,  5000-7000 crn'l, i n  Co and N i  ph tha locyan ines .  A  band a t  6410 
cm-1 i n  t h e  spec t rum.of  t h e  N i  compd. was a t t r i b u t e d  t o  a  d-d type of 
t r a n s i t i o n .  No phosphorescent  emiss ion  was d e t e c t e d ,  5000-7000 cm-1, 
when t h e  compds. were cooled t o  -175'. Some of  the  r e s u l t s  o f  Day and 
W i l l i a m s  (CA 58, 1056f) cou ld  n o t  be reproduced.  The d i f f e r e n c e  i n  
r e s u l t s  was a t t r i b u t e d  t o  t h e  i n t r o d u c t i o n  o f  s u r f a c e  s t a t e s  when t h e  
compd. was powdered. 

F i n k ,  Hermann and Hoerburger,  Wolfgang 

2. p h y s i o l .  Chem. 220, 123- 
36 (1933);  c f .  C.A. 27 ,  4255. Detn, o f  p~  f luorescence  curves  a f f o r d s  
a  means of d i s t i n g u i s h i n g  t h e  v a r i o u s  porphyr ins  on the  b a s i s  o f  t h e  
no. o f  ca rboxyls  p r e s e n t .  E t i o p o r p h y r i n  and i t s  mono-, d i - ,  t e t r a -  
and o c t a c a r b o x y l i c  a c i d s  g ive  c h a r a c t e r i s t i c  curves  which a r e  e a s i l y  



d i s t i ngu i shed .  The mine  f luorescence i s  a t  the i s o e l e c .  p o i n t ,  which 
s h i f t s  to the ac id  s i d e  with increas ing  no, of carboxyls.  The v a r i a -  
t i ons  a r e  most conspicuous i n  the a lk .  branch of the curve, except 
wi th  e t ioporphyr in ,  which has no a lk .  branch because of the absence of 
carboxyl .  The curves r ep re sen t  roughly the  dissocn.  of ampholytes, 
the  dev ia t ions  a t  the i soe l ec .  po in t  being due t o  the presence of p ig-  
ment d ispersed  i n  c o l l o i d a l  r a t h e r  than mol. form. 

Fink,  Hermann and Hoerburger, Wolfgang 2 ,  15 
CA 27-4255 (1933) 

The f luorescence  of porphyrins.  I .  2. phys io l .  Chem. 218, 181-201 
(1933). pH-Fluorescence curves a r e  p l o t t e d  f o r  the 4 isomeric  copro- 
porphyrins and the  3 uroporphyrins,  and the  inf luence  of such f a c t o r s  
a s  concn., inorg .  s a l t s ,  temp. and s o l y ,  i s  d i scussed ,  

F ink ,  H. and Hoerburger, W. 2 ,  15 

Bei t rage  Zur Fluorescenz Der Porphyrine I V .  Z .  Physiol .  Chemistry, 
232 (1935) p, 28. 

Fleischman, D a r r e l l  E.  and T o l l i n ,  Gordon 1, 8 
CA 62-8046b (1965) 

B ~ l e c u l a r  complexes of f l a v i n e s  and phenols.  I .  Absorption spec t r a  
and p r o p e r t i e s  i n  so lu t ion .  (Univ. of Arizona, Tucson). Biochim. 
Biophys . Ac t a  94 (1) , 248-57 (1965) (Eng) . We have found t h a t  a l l oxa -  
z i n e  d e r i v s . ,  such a s  lumichrome, FMN and r i b o f l a v i n e ,  y i e l d  h ighly  
co lored  s o l n s .  i n  s t rong  a c i d  wi th  e l e c t r o n - r i c h  phenols due t o  the  
formation of 1:l charge- t ransfer  complexes between the  phenol and the 
monoprotonated f l av ine .  With very good donors,  1, 4-naphthalenediol 
o r  trimethylhydroquinone, s i m i l a r  complexes a l s o  form i n  n e u t r a l  so ln .  
The p o s i t i o n  of the  charge- t ransfer  abso rp t ion  band, i n  soln.  and i n  
c r y s t a l s  of the complexes, v a r i e s  w i th  the donor p r o p e r t i e s  of t he  
phenol.  E.P.R. s t u d i e s  i n d i c a t e  the presence i n  a c i d i c  so ln ,  of low 
concns, of the  f l a v i n e  semiquinone. 

I"' 
L 



Fleischman, Dar re l l  E .  
and T o l l i n ,  Gordon 

Molecular complexes of f l a v i n e  and phenols,  111. Factors  i n f luenc ing  . (Univ. of Arizona, Tucson). Proc. Na t l .  Acad. 
Sc i .  U.S. 53 ( I ) ,  38-46 (1965) (Eng) ; c f .  CA 62, 8046b. S t a b i l i t y  
cons t s ,  of f l a v i n  complexes were de td ,  Corre la t ions  between s t a b i l i -  
t i e s ,  charge t r a n s f e r  band p o s i t i o n s ,  and the struct;tlrea and e lnr t - ran ic  
p rope r t i e s  of the components helped e l u c i d a t e  the na tu re  of the bonding 
i n  the complexes. Estns .  from the mol. o r b i t a l  theory found the posi-  
t i o n  of the charge t r a n s f e r  band of f lav in-naphtha lenedio l  complexes i n  
a c i d i c  so ln .  t o  be a  monotonic func t ion  of the i o n i z a t i o n  p o t e n t i a l  of 
the  donor. Flavin-phenol complexes i n  n e u t r a l  so ln .  had a  1:l f l av in -  
phenol r a t i o ,  whereas c r y s t .  complexes had a  1:2 r a t i o .  S t a b i l i t y  
cons ts .  ranged from 1 t o  250, neutra1,wmplexes being more s t a b l e  than 
ac id .  Charge t r a n s f e r  d i d  no t  con t r rbu te  s i g n i f i c a n t l y  t o  the  s t a b i l i -  
z a t i o n  of the a c i d  complexes. 

F o e r s t e r l i n g ,  H. D. and Kuhn, H. 

Chimia (Aarau) 19 ( 5 ) ,  322-4 (1965) (Ger) . I n  so lns .  of Cu 4 , 4 '  ,4" ,4" I -  

phthalocyanine-tetrasulfonate (P) i n  ac ids  (H20-H S04, H2SOq-oleurn, I-8 HOAc-H2S04. dioxane-HZSO~), the forms P(&) l ,  P( )  P (Kt) 3, and 
P ( H + ) ~ ,  can be d i f f e r e n t i a t e d  spec t roscopica l ly .  T e  s p e c t r a  of these 
forms and the  monomeric nonproton form (P) and Zn tetrabenzoporphine 
a r e  compared and calcd.  

F o r t i ,  Giorgio,  Be r to l e ,  Maria Luisa 
and P a r i s i ,  Bruno 

. (Univ. 
e  redn. 

of cytochrome f  by ch lo rop la s t s  i n  the presence of l i g h t  was demon- 
s t r a t e d ,  A phosphorylating s i t e  i s  s i t u a t e d  during the  t r a n s f e r  of 
e l e c t r o n s  from H20 to  cytochrome f  through the l i g h t  r eac t ion .  One 
mol. of adenosine t r iphosphate  i s  formed f o r  each e l e c t r o n  p a i r  t rans-  
f e r r ed .  



Frackowiak,  D .  and Trumpaka, Z .  

1 I 

P o l a r i z a t i o n  of f l u o r e s c e n c e  of c h l o r o p h y l l  a .  (N. Copernicus Univ. , 
~ o r u n ) .  B u l l .  Acad. Polon.  S c i . ,  S e r .  S c i . ,  Math., As t ron .  Phys. 12 
( 3 ) ,  183-7 (1964). The degree  of p o l a r i z a t i o n  of  f l u o r e s c e n c e  of 
c h l o r o p h y l l  a  s u l n s .  i n  4 s o l v e n t s  ( P l e x i g l a s  d i s s o l v e d  i n  benzene,  
c o l l o d i o n ,  E t 2 0 ,  and isoamylamine) was measured,  i n  t h e  wavelength 
r e g i o n  3900-4500 A ( S o r e t  band) .  Absorp t ion  s p e c t r a  a r e  g iven  and a l s o  
a  p l o t  of t h e  emiss ion  a n i s o t r o p y .  The p l o t  r e v e a l e d  4  t r a n s i t i o n s  of 
a l t e r n a t i n g  p o l a r i z a t i o n  w i t h i n  t h e  s i n g l e  broad band e x h i b i t e d  i n  t h e  
a b s o r p t i o n  spectrum. The e x p t l .  r e s u l t s  were i n  q u a l .  agreement w i t h  
c a l c n s .  u s i n g  t h e  l i n e a r  combination of  a tomic  o r b i t a l s - m o l .  o r b i t a l  
method, w i t h  con£ i g u r a t i o n  i n t e r a c t i o n s  t a k i n g  i n t o  accoun t  4 mol. 
o r b i t a l s ,  Over lapping of more than  2  e l e c t r o n i c  t r a n s i t i o n s  i n  the  
r e g i o n  of t h e  S o r e t  band a p p a r e n t l y  o c c u r s .  

Frackowiak, .  D. and Kaminska, M. 

-e of c h l o r o p h v l l  a  a g g r e g a t i o n  i n  i t s  short-wave band. (N. 
Copernicus  Univ. ,  Torun, Poland) .  B u l l .  Acad. Polon. S c i . ,  S e r .  S c i . ,  
Math., As t ron .  Phys. 10,  601-3 ( 1 9 6 2 ) ( i n  E n g l i s h ) .  Absorp t ion  curves  
o f  8 c h l o r o p h y l l  a  s o l n s .  i n  c o l l o d i o n  showed t h a t  a b s o r p t i o n  i n  t h e  
short-wave band d e c r e a s e s  a s  t h e  concn. of pigment i n c r e a s e s .  For d i l .  
s o l n s .  ( ~ o - ~ M )  t h e  a b s o r  t i o n  amts.  t o  about  120 1. /g .  cm. , whereas t: f o r  concd. ones  (5 x  10- M) i t  does  n o t  exceed 37 l . / g .  cm. The 
a b s o r p t i o n  band widens a s  t h e  concn. of t h e  s o l n .  i n c r e a s e s ,  w i t h  the  
max. a t  abou t  4100 A i n c r e a s i n g  more than  t h e  max. a t  abou t  4300 A .  
The r e s u l t s  i n d i c a t e  t h a t  t h e  a g g r e g a t i o n  of ch ' lo rophy l l  l e a d s  t o  t h e  
s p l i t t i n g  o f  the  short-wave a b s o r p t i o n  band,  a s  w e l l  a s  t o  the  changes 
i n  t h e  shape of  t h e  long-wave band (Brody and Brody, CA 55, 13551h). 
The changes a r e  probably  due t o  t h e  d imers  of the  pigment w i t h  absorp-  
t i o n  maxima s i t u a t e d  on bo th  s i d e s  o f  t h e  band g i v e n  by t h e  monomers. 
The r e s u l t s ,  o b t a i n e d  f o r  s o l n s .  of v i s c o s i t y  of about  3 p o i s e s ,  were 
n o t  observed i n  s o l n s .  w i t h  v i s c o s i t y  o f  about  30 p o i s e s .  

Frackowiak,  D. 

(N. Copernicus 
Univ. ,  Torun). B u l l .  Acad. Polon. S c i . ,  Se r .  S c i . ,  Math., As t ron .  
Phys. 12 ( 6 ) ,  357-9 (1964) (Eng) . Absorp t ion  s p e c t r a  a t  room temp. 
(20') and a t  low temps, (-70 and - 1 9 0 ~ )  were g iven  f o r  c h l o r o p h y l l  a 
i n  c o l l o d i o n  and c a s t o r  o i l .  The s o l n s .  d i d  n o t  emi t  s low f l u o r e s c e n c e ,  
The d e c r e a s e  i n  temp. caused narrowing of  the  band and a s h i f t  toward 
l o n g e r  wave leng ths ,  This  was a t t r i b u t e d  t o  t h e  fo rmat ion  of a g g r e g a t e s  
of  c h l o r o p h y l l ,  



Erackowiak, D. 

Luminescence o f  c h l o r o p h y l l .  Postepy F i z .  14 ( 5 ) ,  549-67 (1963) ;  c f .  
CA 60, 10078h. A review w i t h  4 1  r e f e r e n c e s .  

Frackowiak, D. and Marszalek,  T. 15 ,  17 
CA 59-131e (1963) 

Yie ld  of a n t i - S t o k e s  f l u o r e s c e n c e  of c h l o r o p h y l l .  (N.  Copernicus 
Univ, ,  Torun, Poland) .  B u l l .  Acad. Polon. S c i . ,  Se r .  S c i . ,  Math., 
As t ron .  Phys. 9 ,  53-5 ( i n  Engl i sh ) .  The f l u o r e s c e n c e  y i e l d s  of ch lo ro-  
p h y l l  a i n  e t h e r  were measured i n  t h e  range 6000-7040 A .  

Frackowiak, D. and Marszalek,  T. 

Yie ld  of t h e  £ luorescence  and s p e c t r a  of c h l o r o p h y l l  i n  v i s c o u s  media. 
(Univ. Torun, Poland) .  B u l l .  Acad. Polon. S c i . ,  S e r .  Sci . ,Math. ,  

As t ron .  Phys. 8, 713-7 (1960) ( i n  E n g l i s h ) .  I n t e n s i t y  d i s t r i b u t i o n  of 
f l u o r e s c e n c e  e x i t e d  w i t h  a  h igh-pressure  Hg lamp was examd., 6100- 
7300 A ,  f o r  c h l o r o p h y l l  a  i n  c o l l o d i o n  of 3 .8  and 3 1  p o i s e s  v i s c o s i t y  
and i n  e t h e r  s o l n .  Both s o l n s ,  gave p r a c t i c a l l y  t h e  same a b s o r p t i o n  
and emiss ion  s p e c t r a ,  d i s p l a c e d  by abou t  50 A as compared w i t h  those  
i n  e t h e r  s o l n . ,  as w e l l  a s  ve ry  s i m i l a r  curves  o f  f l u o r e s c e n c e  y i e l d  
vs .  wavelength.  



F r e e d ,  Simon and Hochanadel, C .  J .  1, 3 
CA 44-433h (1950) 

f o r  i n v e s t i g a t i o n .  A hydrocarbon s o l v e n t  does n o t  p o s s e s s  a  permanent 
e l e c .  d i p o l e  moment which would d i s t o r t  s o l u t e  mols. The spectrum a t  
-196' d i f f e r e d  c o n s i d e r a b l y  from hexane s o l n .  a t  room temp. The no. of 
a b s o r p t i v e  peaks were t h e  same, b u t  t h e i r  r e l a t i v e  i n t e n s i t i e s  d i f f e r e d  
g r e a t l y .  They were much sharpened and i n  g e n e r a l  d i s p l a c e d  toward long 
wavelengths  a t  t h e  low temp. The s o l u t e  con ta ined  10% a - c a r o t e n e .  

F r e e d ,  Simon and S a n c i e r ,  Kenneth M. 1, 17 
CA 46-3855i (1952) 

Absorp t ion  s p e c t r a  of c h l o r o p h y l l s  i n  s o l u t i o n s  a t  low tempera tu res .  
Equ i l ib r ium between isomers .  (Brookhaven Natl. Lab . ,  Upton, N . Y . ) .  
Sc ience  114,  275-6 (1951). The a b s o r p t i o n  s p e c t r a  of c h l o r o p h y l l  a ,  
c h l o r o p h ~ l l  b ,  and c h l o r o p h y l l  b '  were measured over  a range  of temps. 
from 300 t o  75 '~ .  A t  room temp. t h e  s p e c t r a  agreed  w i t h  t h o s e  
p r e v i o u s l y  r e p o r t e d  excep t  t h a t  i n  t h e  spectrum of  c h l o r o p h y l l  b '  4 
weak bands i n  t h e  u l t r a v i o l e t  r e g i o n  a r e  superimposed on a  g r e a t e r  gen- 
e r a l  a b s o r p t i o n  than  i s  e x h i b i t e d  i n  t h i s  r e g i o n  by c h l o r o p h y l l  b. 
The s o l v e n t  f o r  a l l  t h e  c h l o r o p h y l l s  a t  low temps. c o n s i s t e d  of 20% by 
v o l .  of  d i p r o p y l  e t h e r ,  40% propane,  and 40% propene.  The s o l v e n t  
employed above 2 3 0 ' ~  was 20% d i p r o p y l  e t h e r  and 80% hexane.  There  
must be a t  l e a s t  one o t h e r  component i n  c h l o r o p h y l l  b ,  The d i f f e r e n c e  
i n  t h e  s p e c t r a  of t h e  c h l o r o p h y l l s  i n  d i f f e r e n t  s o l v e n t s  ( e s p e c i a l l y  
i n  t h e  r e g i o n  of 4100-4300 A.) may be l a r g e l y  due t o  t h e  change i n  
r e l a t i v e  concns.  of isomers p r e s e n t  i n  e q u i l .  

F r e e d ,  Simon 

Symposium Inform. Theory B i o l .  , G a t l i n b u r g ,  Tenn. 1956, 171-9 (Pub. 
1958), P r o p e r t i e s  of some s u b s t a n c e s ,  chemical  and b i o l o g i c a l ,  a t  
low temps. a r e  d i s c u s s e d .  Abs. s p e c t r a  of PrC13 a t  room temp. and t h a t  
of l i q u i d  N and He; of c a r o t e n e  a t  room temp. and a t  7 7 O ~ ,  i n  s u i t a b l e  
s o l v e n t s ;  and of c h l o r o p h y l l  b a t  room temp. and a t  3 0 0 U ~ ,  2 3 0 ~ ~ ~  1 8 0 ' ~ ~  
and 7 5 ' ~  i n  v a r i o u s  s o l v e n t s  a r e  d i s c u s s e d .  These and many o t h e r  
o b s e r v a t i o n s  a r e  quoted t o  show t h a t  r e a c t i o n s  do t a k e  p l a c e  a t  low 
temps. I n v e s t i g a t i o n s  a t  law temps. may y i e l d  much knowledge i n  b i o l .  
f i e l d s  a l s o ,  i f  t h e  problem of f i n d i n g  s o l v e n t s  is  so lved .  



Frei, Yael F. 

l i v e  p l a n t s  was found i n  s e v e r a l  s p e c t r o p h o t o m e t r i c a l l y  d i s t i n c t  com- 
b i n a t i o n s ,  d i f f i c u l t  t o  r e c o g n i z e  because of s t r o n g l y  over lapp ing  
a b s o r p t i o n  bands. The bands could  be d i s t i n g u i s h e d  through d e r i v .  
spec t rophotomet ry ,  esp .  a t  low temps. where t h e  bands were sharpened 
and s m a l l e r  amts.  of minor components could  be d e t e c t e d  than  a t  room 
tamp, Deriv .  a b s o r p t i o n  s p e c t r e  were d s k d ,  far ~ a v e r n X  alsaa and 
l e a v e s  a t  room temp. and -180'. Af,-tbw temp. a  shou lder  w i t h  a  max. 
n e a r  655 m p ,  r e p r e s e n t i n g  a n  un ide 'n t i f i ed  component, was observed i n  
t h e  s p e c t r a  o fPorphyr id iumcruen tum,  Phormidium pers ic inum,  and 
l e t t u c e  l e a f .  

F rench ,  C .  S . ;  Smith ,  J .  H. C . ;  
V i r g i n ,  H. I. and A i r t h ,  R .  L. 

I ! 

I 
Fluorescence-Spectrum Curves of C h l o r o p h y l l s ,  Pheophyt ins ,  P h y c o e r v w ,  J 
Phvcocvanins and Hvper ic in .  P l a n t  Phys io logy ,  3 1  (1956) p. 369. 

) 

I 
1 F r i e d e l ,  Robert  A. and Orchin ,  Mi l ton  

, New York, Wiley,  c  1951 

French ,  C. S. 

L i g h t ,  p igments ,  and p h o t o s y n t h e s i s .  (Carnegie  I n s t .  of  washington,  - 
S t a n f o r d ,  C a l i f . ) .  I b i d .  447-71. I N :  Symposium on Ligh t  and L i f e ,  
Johns  Hopkins U n i v e r s i t y ,  1960 Ligh t  and L i f e ;  p roceed ings .  Ed i ted  
by Wil l iam D .  McElroy and Bent ley Glass. (Johns Hopkins . -Univers i ty .  
McCollum-Pratt I n s t i t u t e .  C o n t r i b u t i o n  No. 302).  

F u l l e r ,  R .  C . ;  C o n t i ,  S. F .  
and M e l l i n ,  D .  B. B a c t e r i a l  Pho tosyn thes i s -  

P a r t  I 

The S t r u c t u r e  of t h e  P h o t o s y n t h e t i c  Apparatus i n  Green and Purp le  S u l f u r  
B a c t e r i a .  B a c t e r i a l  P h o t o s y n t h e s i s  - Howard G e s t ,  Anthony San P i e t r o ,  
and Leo P. Vernon (ed .) 



G a c h k o v s k i i ,  V, F 

( a  + b) and a ,  and of pheophytins ( a  + b) and a were s t u d i e d .  The 
f l u o r e s c e n c e  s p e c t r a  of pheophytins ( a  + b) and a  were found t o  be 
t h e  same ( a t  concns.  of. 2  X l o - % ) ;  s o  were t h o s e  of photoreduced 
c h l o r o p h y l l s  ( a  + b) and a ,  and of photoreduced pheophytins (a + b) 
and a .  Energy cou ld  be rransfcrrcd Fn t r u e  s o l n s .  Er-om pheophyttn b ,  
from photoreduced c h l o r o p h y l l  b ,  and from photoreduced pheophyt in  b ,  
t o  pheophyt in  a ,  t o  photoreddced c h l o r o p h y l l  a ,  and t o  photoreduced 
pheophyt in  a ,  r e s p .  The s t r u c t u r e s  of t h e  photoreduced forms were e s -  
t a b l i s h e d  from the  f l u o r e s c e n c e  s p e c t r a ,  t h e  pr imary photoreduced forms 
of pheophyt ins  ( a  + b) and a  gave pealcs a t  662 and 733 mp, which peaks 
l i e  n e a r l y  a t  t h e  same p o i n t s  as do t h e  peaks i n  t h e  long-wave r e g i o n  
i n  t h e  secondary forms (643,  644, and 733 m p ) .  The secondary forms of 
c h l o r o p h y l l s  ( a  + b) and a  had peaks a t  620, 651, and 731 W .  The 
peaks a t  abou t  730 q~ given  by photoreduced pheophyt ins  and c h l o r o p h y l l s  
i n t e n s i f e d  r a p i d l y  when t h e  s o l n s .  were coo led .  These peaks behaved 
q u i t e  d i f f e r e n t l y  from a l l  t h e  o t h e r s ,  which d i d  n o t  change a p p r e c i a b l y  
w i t h  temp. From B i o l .  Abs t r .  36 ,  Abs t r .  No. 5595 (1961). 

Gachkovski i ,  V. F. 

Absorpt ion s p e c t r a  and f l u o r e s c e n c e  s p e c t r a  of c h l o r o p h y l l  and magnesium 
h t h a l o c y a n i n e  i n  t h e  adsorbed s t a t e .  (A. N. Bakh Biochem. Xnst . ,  Acad. 

g c i .  U.S.S.R., Moscow). Doklady Akad. Nauk S.S.S.R. 93 ,  511-14 (1953);  
c f .  C.A. 45 ,  3248b; 46,  6940d. Absorpt ion s p e c t r a  ob ta ined  by d i f f u s e  
s c a t t e r i n g  from specimens of Mg phtha locyan ine  adsorbed on MgO i n  EtOH 
o r  E t20  were observed a f t e r  h e a t i n g  t h e  a d s o r b a t e  t o  375' t o  remove t h e  
r e d  f l u o r e s c e n c e ;  t h e  a d s o r b a t e  i n i t i a l l y  h a s  a  b l u e  c o l o r ,  which d i s -  
appears  on such h e a t i n g .  The specimens were s u b j e c t e d  t o  a c t i o n  of 0  
o r  v a r i o u s  o rg .  s o l v e n t s ,  and t h e  r e s u l t i n g  s p e c t r a  a r e  shown. The 
r e s u l t s  c l e a r l y  show t h e  same o r i g i n  of both  a b s o r p t i o n  and f l u o r e s c e n c e  
s p e c t r a .  When t h e  vapors  of Mg-free ph tha locyan ine  a r e  adsorbed on MgO, 
and t h e  a d s o r b a t e s  a r e  exposed t o  0 ,  f l u o r e s c e n c e  does n o t  occur ,  S i m i l a r  
e x p t s .  could  n o t  be r u n  w i t h  c h l o r o p h y l l  owing t o  i t s  low order  of s ta-  
b i l i t y  on MgO. However, r epea ted  e v a c u a t i o n  a t  20' of a d s o r b a t e s  of 
c h l o r o p h y l l  on MgO from E t 2 0  gave specimens which d i s p l a y e d  a widening 
of t h e  main a b s o r p t i o n  max. i n  t h e  d i r e c t i o n  of s h o r t e r  wavelengths ,  
w h i l e  passage  of 0  i n t o  such p repns .  i n c r e a s e d  t h e  i n t e n s i t y  of absorp-  
t i o n  i n  625-50 m p  r e g i o n  f o r  f l u o r e s c e n c e  and 620-40 f o r  a b s o r p t i o n  
s p e c t r a .  Adsorp t ion  of EtOH, Et20,  o r  Hz0 o n t o  such specimens,  fo l lowed 
by e v a c u a t i o n ,  l e d  t o  d i sappearance  of t h e  main f l u o r e s c e n c e  band and 



appearance of a sharp  max. a t  648 m p ,  which corresponds t o  a max. of 
666 m j ~  of t h e  f l u o r e s c e n c e  spectrum of t h e  product  of t h e  d a r k  p r o c e s s ;  
i n  c a s e  of H z 0  t h i s  max. g r a d u a l l y  s h i f t s  t o  671 m p ,  With b;lg phthalocya-  
n i n e  t h e  s h i f t  i s  t o  684 mp. Genera l ly  under c o n d i t i o n s  which p r e c l u d e  
t o t a l  d e s t r u c t i o n  of t h e  m o l s . ,  t h e  e v e n t s  observed w i t h  a d s o r b a t e s  of 
c h l o r o p h y l l  a r e  p a r a l l e l e d  by t h o s e  of Mg ph tha locyan ine .  

G a f f r o n ,  Hans 

Research i n  p h o t o s y n t h e s i s .  (Univ. of I l l i n o i s ,  Urbana) ,  A. H. Brown, 
C .  S. F rench ,  R.  L i v i n g s t o n ,  E. I. Rabinowitch,  B. L. S t r e h l e r ,  and 
N. ,E. T o l b e r t  , e d i t o r s .  N a t l  . Acad. S c i . - N a t l .  Research Counc i l ,  1955, 
524 pp. (Pub. 1957). 

G a i n e s ,  G .  L . ,  Bellamy, W.  D . ,  
and Tweet, A. G. 

I n t e r a c t i o n  between c h l o r o p h y l l  a  and f a t t y  a l c o h o l  molecules  i n  mixed 
monomolecular f i l m s .  (Gen. E lec .  Res. Lab. ,  Schenectady,  N. Y . ) .  J. 
Chem. Phys. 4 1  ( 2 ) ,  538-42 (1964).  Chlorophyl l  a  and o l e y l  a l c .  form 
n e a r l y  i d e a l  2-dimensional s o l n s . ,  up t o  a c h l o r o p h y l l  mole f r a c t i o n  of 
a t  l e a s t  0 .2 .  Chlorophyl l  i s  e s s e n t i a l l y  i n s o l . ,  however, i n  s t e a r y l  
a l c .  monolayers a t  room temp. Measurements of c o l l a p s e  p r e s s u r e ,  a r e a ,  
a b s o r p t i o n  spectrum,  and f l u o r e s c e n c e  spectrum of t h e  monolayers con- 
f i r m  t h e s e  c o n c l u s i o n s .  The f l u o r e s c e n c e  and a b s o r p t i o n  s p e c t r a  of 
concd. and d i l d .  ( i n  o l e y l  a l c . )  c h l o r o p h y l l  f i l m s  a r e  compared. 
Measurable s h i f t s  i n  b o t h  a b s o r p t i o n  and emiss ion  demons t ra te  t h a t  
chromophore-chromophore i n t e r a c t i o n s  a r e  d e t e c t a b l e  i n  monolayers 
contg .  h i g h  c h l o r o p h y l l  concns.  

G e s t ,  Howard and Bose, Sub i r  K, 11, 12 

S t r u c t u r e  a n d F u n c t i o n  i n  B a c t e r i a l  P h o t o s y n t h e s i s .  B a c t e r i a l  
P h o t o s y n t h e s i s  - Howard G e s t ,  Anthony San P i e t r o ,  and Leo P. Vernon (ed. )  

Gibson,  J. F. a n d I n g r a m ,  D,  J. E ,  

. (Univ. Southampton, 
Engl . ) .  Nature  178,  871-2 (1956). E l e c t r o n  resonance measurements dur-  
i n g  o x i d a t i o n  of hemoglobin,  myoglobin,  t e t r a p h e n y l p o r p h i n e ,  phthalocya-  
n ine ,  and d i p h e n y l p i c r y l - h y d r a z y l  showed similar a b s o r p t i o n  s p e c t r a  w i t h  
g - v a l u e s . a b o u t  2 .0023 . .  T h e r e f o r e ,  t h e  o x i d a t i o n  s t a t e  is  one con tg .  a n  



unpa i red  e l e c t r o n  mobile i n  t h e  conjugated r i n g  s t r u c t u r e ,  No h y p e r f i n e  
s t r u c t u r e  occurred i n  t h e  s p e c t r a  from t h e  porphine i n t e r m e d i a t e ,  show- 
i n g  t h a t  t h e  o r b i t  of t h e  unpa i red  e le ,~ tTon  i s  n o t  conf ined n e a r  t h e  
n i t r o g e n s  i n  t h e  c e n t e r  of t h e  r i n g  bu t  i n c l u d e s  most of t h e  C atoms. 

G i l l i a m ,  A.  E. and S t e r n ,  E. S. 

An I n t r o d u c t i o n  t o  E l e c t r o n i c , A b s o r p t i o n  Spectroscopy i n  Organic 
Chemistrv.  2nd ed.  London: ;Edward Arnold. 1957. 326 PP. 50s.  

Gi raud ,  Georges 

F luorescence  i n  v i v o  of some marine  a l g a e .  (Ecole  Norm. S u p e r . ,  P a r i s ) .  
Proc.  I n t e r n .  Seaweed Symp., 4 t h ,  B i a r r i t z ,  France 1961, 326-30 (Pub. 
1964) ( in  French) .  A s  i n  g reen  a l g a e  and i n  t h e  c h l o r o p l a s t s  of h i g h e r  
p l a n t s ,  a  peak of f l u o r e s c e n c e  was found a t  about  720 mp i n  Rhodosorus 
marinus  and S t i c h o c h r y s i s .  It i n c r e a s e d  g r e a t l y  a t  low temps. ,  e s p .  
a t  - 1 9 0 ~ .  Th is  may be exp la ined  by t h e  p resence  of 2  forms of c h l o r o p h y l l  
a .  The e f f e c t  of low temp. may r e s u l t  from a  d e c r e a s e  i n  the rmal  
i n a c t i v a t i o n .  

Godnev, T . ,  Akulovich,  N. K. 
and R o t f a r b ,  R. M. 

Complete s y n t h e s i s  of c h l o r o p h y l l  and i t s  b i o s y n t h e s i s .  Usp. Sovrem. 
B i o l .  55(2) ,  204-18 (1963).  A review w i t h  3 2 . r e f e r e n c e s .  

Goedheer , J.  C .  

F luorescence  a c t i o n  s p e c t r a  of a l g a e  and bean l eaves  a t  room and a t  
l i q u i d - n i t r o g e n  - t empera tu res .  ( S t a t e  Univ . ,  U t r e c h t ,  Neth . ) .  Blochim. 
Biophys. Acta  102 ( I ) ,  73-89(1965)(Eng). F luorescence  a c t i o n  s p e c t r a  
were d e t d .  a t  room temp. and a t  l iqu id -N temp. w i t h  v a r i o u s  b l u e - g r e e n ,  
r e d ,  and g reen  a l g a e  and g reen ing  bean l e a v e s .  F luorescence  a t  room 
temp. ,  w i t h  a  max. a t  about  685 m p ,  was f o r  t h e  g r e a t e r  p a r t  e m i t t e d  
by a s h o r t  wave "form" of c h l o r o p h y l l  a ,  p o s s i b l y  Ca670. To t h i s  form 
energy was t r a n s f e r r e d  from p - c a r o t e n e ,  c h l o r o p h y l l  b ,  and p h y c o b i l i n s  
w i t h  a n  e f f i c i e n c y  approaching 100%. The a c t i o n  s p e c t r a  of b lue -green  
a l g a e  sugges ted  t h e  p resence  of a  650-w phycocyanin "form" which 
seemed bound more f i r m l y  t o  t h e  p h o t o s y n t h e t i c  app.  t h a n  t h e  b u l k  of 
phycocyanin absorb ing  around 620 TI@. The absence of a c t i o n  i n  t h e  



c a r o t e n o i d  r e g i o n  i n  blue-green and r e d  a l g a e  and i n  bean l e a v e s  s h o r t l y  
a f t e r  t r a n s f o r m a t i o n  of p r o t o c h l o r o p h y l l  t o  c h l o r o p h y l l  was a s c r i b e d  60 
t h e  p resence  oT a high percen tage  of x a n t h o ~ h y l l ,  presumably i n a c t i v e  
i n  t r a n s f e r r i n g  energy t o  c h l o r o p h y l l .  A 1 1  pigments a c t i v e  i n  producing 
t h e  685-mp room-temp. f l u o r e s c e n c e  band were found t o  be a c t i v e  i n  
producing t h e  7 20-mp low- temp. f l u o r e s c e n c e  band. Addnl. t h e  7  20-w 
f l u o r e s c e n c e  band was e x c i t e d  by a b s o r p t i o n  i n  long wavelength c h l o r o p h y l l  
a  forms ( e . g .  Ca680 and Ca695) a n d ,  i n  b lue-green  and r e d  a l g a e ,  by one 
or more u n i d e n t i f i e d  pigments w i t h  a b s o r p t i o n  max, a t  475 and 520 w .  
Marlced d i f f e r e n c e s  between hFgh-d. a c r i o n  s p e c t r a  of b lue -green  and 
g r e e n  a l g a e  a r e  d e s c r i b e d .  

Goedheer , J.  C . 

Fluorescence  bands and c h l o r o p h y l l  a  forms. ( S t a t e  Univ . ,  U t r e c h t ,  
Neth.) . Biochim. Biophvs. Acta 88 ( 2 )  , 304-17 (1964) ( i n  E n ~ l i s h ) .  - - - 
Fluorescence  s ~ e c t r a  were d e t d .  a t  temps. between 20° and -196' f o r  a  
no.  of p h o t o s y n t h e t i c  organisms. Below -90° t h e  s i n g l e  f l u o r e s c e n c e  
max. around 685 was rep laced  by a  sys tem of 3 bands ,  a t  686,  696, 
and 717-20 mp i n  a l g a l  c e l l s .  Cool ing u s u a l l y  r e s u l t e d  i n  a  d e c r e a s e  
of t h e  685-mp band. I n  young c u l t u r e s  of b lue-green and r e d  a l g a e  
t h e  3 bands were of abou t  equa l  i n t e n s i t y ;  i n  o l d  c u l t u r e s  and i n  g r e e n  
a l g a e  t h e  717-TI@ band w a s  dominant,  w h i l e  i n  t h e  l a t t e r  t h e  696-mp 
band was weak. I n  g r e e n  l eaves  and c h l o r o p l a s t s  a l s o ,  3 bands were 
p r e s e n t  a t  low temps. ,  a t  686, 696, and 735-40 m p .  Here t o o ,  t h e  740- 
xq.~ band was by f a r  t h e  major one. During c o o l i n g  of bo th  d i l d .  and 
concd. c h l o r o p h y l l  a  s o l n s .  and c h l o r o p h y l l  adsorbed on f i l t e r  p a p e r ,  
t h e  h e i g h t  of t h e  677-mp f l u o r e s c e n c e  band and t h e  730-mp v i b r a t i o n a l  
l e v e l  were i n c r e a s e d  by a  f a c t o r  of about  2 ,  provided no i n c r e a s e d  
r e a b s o r p t i o n  due t o  i n c r e a s e d  s c a t t e r i n g  could  occur .  I n  concd. ch lo ro-  
p h y l l  a s o l n s .  no e x t r a  bands could  be d e t e c t e d ,  The 3 f l u o r e s c e n c e  
bands measured i n  v i v o  a t  low temps. a r e  assumed t o  belong t o  3  ch lo ro-  
p h y l l  a forms: Ca 670-F 686; Ca 680-F 696; Ca 695-F 717 i n  a l g a l  c e l l s .  
Apar t  from a n  i n c r e a s e  i n  i n t r i n s i c  f l u o r e s c e n c e  y i e l d  of Ca 695,  t h e  
marked i n c r e a s e  i n  7  17 -mp f l u o r e s c e n c e  d u r i n g  c o o l i n g  i s  sugges ted  t o  
b e  due t o  i n c r e a s e d  energy t r a n s f e r  from Ca 670 and C, 680 t o  Ca 695 
as a  r e s u l t  of s h r i n k a g e ,  when t h e  temp. is  lowered. 



Goedheer , J.  C .  

Ch lorophyl l  s p e c t r a  and molecular  s t r u c t u r e .  (Biophys. Research Group, 
U t r e c h t ,  N e t h . ) .  Nature 176,  928-9 (1955) .  The a b s o r p t i o n  spectrum 
and f l u o r e s c e n c e  p o l a r i z a t i o n  spectrum of b a c t e r i o c h l o r o p h y l l  and 
bac te r iopheophyt in  i n  cyclohexanol  were ob ta ined  from 400 t o  800 mp. 
The a b s o r p t i o n  and p o l a r i z a t i o n  spectrum of c h l o r p h y l l  a  and pheophyt in  
a  i s  a l s o  g iven  f o r  t h e  same r e g i o n .  The observed s p e c t r a  a r e  compared 
with ca lcd ,  s p e c t r a  f o r  bac tc r iopheophyt in  and t e t rahydroporph in .  

Goodwin, T .  W .  

A lga l  c a r o t e n o i d s .  (Univ. C o l l .  Wales,  Aberystwyth).  Symposia Comp. 
B i o l .  Kaiser  Foundat ion Research I n s t .  (Mary B. A l l e n ,  e d i t o r .  
Academic P r e s s )  1, 1-10 (1960).  Comparative Biochemist ry  of Photo- 
r e a c t i v e  Systems ( V . l  of Symposia on Comparative Biology) Mary B e l l e  
A l l e n ,  e d . ,  New York Academic P r e s s ,  1960. 

Gouterman, Mar t in  and S t r y e r ,  Luber t  

F luorescence  p o l a r i z a t i o n  of some porphyr ins .  (Harvard Univ . ) .  3 .  
Chem. Phys. 3 7 ,  2260-6 (1962). F l u o r e s c e n c e - p o l a r i z a t i o n  d a t a  on 
p o r p h y r i n s  can be i n t e r p r e t e d  i n  terms of t h e  theory  of p o l a r i z a t i o n  
spec t roscopy  and t h e  t h e o r y  of t h e  e l e c t r o n i c  and v i b r a t i o n a l  s t r u c t u r e  
of t h e s e  mols.  These 2  t h e o r i e s  combine t o  i n t e r p r e t  most of t h e  d a t a  
b u t  some anomal ies  remain.  The r e s u l t s  h i n t  a t  t h e  r i c h n e s s  of d a t a  
t h a t  can be expected from f l u o r e s c e n c e - p o l a r i z a t i o n  e x p t s .  when tech-  
n i q u e s  a r e  developed f u r t h e r .  

Gouterman, M a r t i n ;  Wagniere,  Georges 
and Snyder ,  Lawrence C .  

S p e c t r a  of porphyr ins .  11. F o u r - o r b i t a l  model. (Harvard Univ.) .  J. 
Mol. Spec t ry .  11 (2) ,  108-27 (1963) ; c f .  CA 55,  20615d. A quan t .  
a t t e m p t  i s  made t o  app ly  a  4 - o r b i t a l  model,  d e s c r i b e d  e a r l i e r  ( l o c .  
c i t . ) ,  t o  p rophyr in  mols. The model i s  a  combination of L.C.A. 0. -M. 0. 
and a s i m p l i f i e d  t r ea tment  of c o n f i g u r a t i o n  i n t e r a c t i o n .  The parame- 
t e r s  f o r  t h e  l a t t e r  a r e  d e t d .  on Zn t e t raphenylporph ine .  O r b i t a l  and 
t r a n s i t i o n  e n e r g i e s  and o s c i l l a t o r  s t r e n g t h s  a r e  d e t d .  f o r  t h e  reduced 
porphyr ins :  d ihydroporph ine ,  t e t rahydroporph ine  , hexahydroporphine,  
and octahydroporphine.  Qual. agreement w i t h  t h e  observed s p e c t r a  is 
o b t a i n e d .  S i m i l a r  c a l c n s .  a r e  made f o r  phlor in-6-dihydrochlor ide.  



S p e c t r a  c a l c n s .  a r e  g iven  f o r  t h e  meta l  s a l t s  of mono-, d i - ,  and 
t r i a z a p o r p h i n e ,  t e t r a b e n z o p o r p h i n e ,  t e t rabenzote t raazaporphine  (o r  
p h t h a l o c y a n i n e ) ,  and monobenzo-, 2 d ibenzo- ,  and tribenzotetraazaporDbine. 
The c a l c n s .  a r e  i n  i a i r  agreement w i t h  observed s p e c t r a .  Quant.  
a p p l i c a t i o n s  of t h e  model a r e  l i m i t e d  t o  r e g i o n s  of smal l  p e r t u r b a t i o n s .  
The a p p l i c a t i o n  of t h e  model t o  t h e  c a l c n .  of chem. and magnet ic  prop- 
e r t i e s  i s  d i s c u s s e d .  

Gouterman, Mar t in  1, 2 ,  1 0  
CA 53-T6690b ( 1959 )  

E f f e c t s  of s u b s t i t u t i o n  on t h e  a b s o r p t i o n  s p e c t r a  of porph in .  (Univ. 
of Chicago) .  J. Chem. Phys. 30 ,  1139-61 (1959).  A model was p resen ted  
f o r  t h e  e x c i t e d  s t a t e s  of p o r p h i n ,  which a r e  viewed a s  a r i s i n g  from 2 
c o n f i g u r a t i o n s  which can  be mixed t o  v a r y i n g  d e g r e e s .  The e f f e c t s  of 
s u b s t i t u e n t s  a r e  d i s c u s s e d ,  1 s t  t h e  l i m i t a t i o n s  imposed by symmetry 
requ i rements  and then t h e  requ i rements  imposed i f  they a c t  as 1 - e l e c t r o n  
p e r t u r b a t i o n s .  The t h e o r y  i s  a p p l i e d  t o  e x p t l .  problems. The m e t a l  
porph ins  can  be viewed a s  a  s e r i e s  showing i n c r e a s i n g  mixing of t h e  2 
fundamental  c o n f i g u r a t i o n s .  The e f f e c t  of f r e e  base  fo rmat ion  is  ex- 
p l a i n e d  a s  a c y c l i c  polyene p e r t u r b a t i o n .  Th is  t h e o r y  p r e d i c t s  t h a t  
t h e  lowest  porphin  t r a n s i t i o n  i s  p o l a r i z e d  p a r a l l e l  t o  t h e  H-H a x i s .  
Formulas a r e  d e r i v e d  f o r  i n t e n s i t y  changes caused by v a r i o u s  e x t e r n a l  
s u b s t i t u e n t s .  Formulas a r e  developed t o  account  f o r  t h e  e f f e c t s  of 
a z a  s u b s t i t u t i o n  on t h e  methine  b r i d g e s .  

Gouterman, Mart in  

S p e c t r a  of porphyr ins .  (Harvard Univ.). J .  Mol. Spectroscopy 6 ,  138-63 
(1961).  Absorp t ion  s p e c t r a  f o r  3 s e r i e s  o,f porphyr ins  d e r i v e d  from 
t h e  b a s i c  s k e l e t o n  a r e  g iven :  (a)  compds. ob ta ined  by s imple  s u b s t i t u t i o n ;  
(b) compds. ob ta ined  by redn.  of 1 o r  more p y r r o l e  r i n g s ;  and (c) compds. 
o b t a i n e d  from f u s i o n  of a r o m a t i c  r i n g s  on to  t h e  b a s i c  s k e l e t o n .  The 
s p e c t r a  a r e  d i s c u s s e d  i n  terms of a  4 - o r b i t a l  model. I n t e n s i t y  changes 
and energy s h i f t s  a r e  r e l a t e d  t o  t h e  p r o p e r t i e s  of 2 top  f i l l e d  and 2 
lowes t  empty n o r b i t a l s .  Emission s p e c t r a  of m e t a l  porphyr ins  a r e  d i s -  
cussed .  I n  c l o s e d  s h e l l  m e t a l s ,  t h e  cont inuous  enhancement of 
phosphorescence a t  t h e  expense of f l u o r e s c e n c e  i s  a t t r i b u t e d  t o  s p i n -  
o r b i t  coup l ing .  I n  paramagnet ic  m e t a l s ,  observed e f f e c t s  a r e  a t t r i b u t e d  
t o  t h e  e x i s t e n c e  of a  s t a t e  a t  t h e  same energy as t h e  u s u a l  t r i p l e t ,  
b u t  w i t h  m u l t i p l i c i t y  t h e  same a s  t h e  ground s t a t e ;  i t s  i n t e n s i t y  is  
a s c r i b e d  t o  exchange i n t e r a c t i o n s .  I n  diamagnet ic  m e t a l s  w i t h  u n f i l l e d  
d  s h e l l s ,  p e c u l i a r  emiss ion p r o p e r t i e s  a r e  a t t r i b u t e d  t o  enhanced s p i n  
o r b i t  coup l ing  due t o  low-lying m e t a l  t r i p l e t s .  



Govind jee and  Govind jee  , R. 1 

G r a n i c k ,  S .  1 7 ,  11 

Magnesium Pro toporphyr in  as a  P r e c u r s o r  of Chlorophyl l  i n  C h l o r e l l a .  
J o u r n a l  of B i o l o g i c a l  Chemist ry ,  175 (1948) p.  333-342. 

G r a n i c k ,  S . ,  Bogorad, Lawrence, 
and J a f f e ,  H e r b e r t  

Hematoporphyrin I X ,  A Probable  P r e c u r s o r  of Pro toporphyr in  i n  t h e  
B i o s y n t h e t i c  Chain of Heme and Chlorophyl l .  J o u r n a l  of B i o l o g i c a l  
Chemist ry ,  202 (1953) p .  801-813. 

Graniclc, S. . 11, 17 

Magnesium Vinyl  Pheoporphyrin a5,Another I n t e r m e d i a t e  i n  t h e  B i o l o g i c a l  
S y n t h e s i s  o f C h l o r o p h y l 1 ,  J o u r n a l  of B i o l o g i c a l  Chemist ry ,  183 (1950) 
p .  713-30. 

Gran ick ,  S. 

E v o l u t i o n  of heme and c h l o r o p h y l l .  ( ~ o c k e f e l l e r  I n s  t . , New York, 
N.Y. ) .  Evolving Genes P r o t e i n s ,  Symp. ~ u t g e r s  , S t a t e  Univ. 1964,  
67-88 (Pub. 1965)(Eng). A review w i t h  33 r e f e r e n c e s .  

G r a n i c k ,  S .  and Mauzera l l ,  D.  

Metabolism of heme and c h l o r o p h y l l .  ( R o c k e f e l l e r  I n s t .  , New York). 
I b i d ,  525-616. 

Gran ick ,  S. 

- 
Congr. Biochem,, 5 t h ,  Moscar, 1961,6 ,  176-86 (Pub,  1963) ( in  E n g l i s h ) ,  - 
A review wi th  40 r e f e r e n c e s ,  



G r i b o v a ,  Z .  P . ,  Umxikhin, V .  A . ,  and 
I<ayushin,  L .  P . 

(Russ ) .  The e f f e c t  of i n t e r r u p t e d  i l l u m i n a t i o n  on t h e  p r o d u c t i o n  of 
f r e e  r a d i c a l s  i n  a n  EtOH s o l n .  of Mg e t i o p o r p h y r i n  ( I )  i n  10-4-10'~1?[ 
concn,  was s t u d i e d .  I l l u m i n a t i o n  was c a r r i e d  o u t  w i t h  a  f u l l - s p e c t r u m  
Hg lamp. Res t i l t s  e s t a b 2 i s h e d  p a z - k i ~ i p a t C o n  of a cl lr~mnpharo t r % p L ~ t  
e x c i t e d  s t a t e  i n  f r e e  r a d i c a l  fo rmat ion .  S i m i l a r  r e s u l t s  were o b t a i n e d  
w i t h  a n  EtOH s o l n .  of ~ n t e t r a ~ h e n ~ l ~ o r ~ h ~ r i n .  

Grigoryan , A .  N. , Nekrasov,  L. I. 
and Kobozev, N. I. 

R e v e r s i b l e  c o l o r  change of c h l o r o p h y l l  and pheophyt in  d u r i n g  t h e i r  
a d s o r p t i o n  on magnesium' ox ide .  ( S t a t e  Univ . ,  Moscow). Vestn.  Mosk. 
U n i v . ,  S e r .  11, Khim. 21 ( 3 ) ,  42-4 (1966)(Russ).  During a d s o r p t i o n  
of  c h l o r o p h y l l  and pheophyt in  from Et20  on a c t i v a t e d  (by t h e  the rmal  
t r e a t m e n t  a t  450°) MgO t h e  r e v e r s i b l e  change of c o l o r  of t h e  a d s o r b a t e s  
was observed and measured s p e c t r o p h o t o m e t r i c a l l y .  The mols .  of t h e  
above pigments p robab ly  form complex compds. w i t h  E t 2 0  mols.  on t h e  
MgO s u r f a c e .  

Gur inov ich ,  G .  P. and Sinyakov,  G .  N. 

P o l a r i z e d  luminescence of t h e  photochemical  r e a c t i o n  p r o d u c t s  of 
p o r p h y r i n s .  (Phys.  I n s  t .  , Minsk).  B i o f i z i k a  10  (6) , 946-52 (1965) (Russ) ; 
c f .  CA 60 ,  8269b. Mesoporphyrin ( I )  was ,pho to reduced  by a s c o r b i c  a c i d  
(11) i n  pyr id ine-Et0H (1:7)  and i n  60 o r  80% H2S04. The r e v e r s i b l y  
reduced p roduc t  (111) had new a b s o r p t i o n  bands a t  740,  a t  510, and a t  
450 and 510 mp f o r  t h e  t h r e e  s o l v e n t s ,  r e s p . ,  w i t h  low temp. luminescence 
bands a t  810 ,  a t  530,  and a t  470 and 530 mp. The max. p o l a r i z a t i o n  of 
luminescence ,  Po,  of I11 was 38-47% i n  a l l  s o l v e n t s ,  showing t h a t  t h e r e  
i s  no  symmetry g r e a t e r  than 2 - f o l d .  Te t rapheny lporphyr in  (IV) was 
photoreduced by 11 t o  g i v e  a  reduced p roduc t  (V) hav ing  new a b s o r p t i o n  
bands a t  700 and 450 mp f o r  r edn .  i n  pyr id ine-Et0H ( 1 : l )  and a t  700 
and 775 mp i n  a  (1 :7 )  m i x t .  The low temp. luminescence max. of V was 
a t  765 and a t  840 i n  t h e s e  s o l v e n t s ,  r e s p .  From h i g h  v a l u e s  of Po,  V 
i s  of no g r e a t e r  than 2 - fo ld  symmetry. P r o t o p o r p h y r i n  (VI) was photo- 
o x i d i z e d  i n  a i r  t o  g i v e  a  r e v e r s i b l y  o x i d i z e d  form (VII)  w i t h  an  
a b s o r p t i o n  max. a t  670 and luminescence a t  679 mp. From t h e  shape of 
t h e  Po s p e c t r a ,  I11 formed i n  pyr id ine-Et0H and V h a s  on ly  1 e l e c t r o n i c  
t r a n s i t i o n  each above 470 m p ,  b u t  I and I V  have 2 each w i t h  p e r p e n d i c u l a r  



t r a n s i t i o n  moments. I n  111 and V t h e  S o r e t  t r a n s i t i o n  moments a r e  p e r -  
p e n d i c u l a r  t o  t h e  r e d  band moments. The s i g n  of Po f o r  LII formed i n  
a c i d  does  n o t  change from t h e  h i g h e s t  e x c i t i n g  h down t o  360 mp. The 
Po spect rum of VII s u g g e s t s  t h a t  t h e  pho toox ida t ion  of VI g i v e s  a  
c h l o r i n -  type  i n t e r m e d i a t e .  / 

G u r i n o v i c h ,  G .  P . ,  e t  a 1  1, 17 
CA 5 2 - 1 7 6 2 ~  (1958) 

O p t i c a l  p r o p e r t i e s  of c h l o r o p h y l l  and m e t a l  d e r i v a t i v e s  of pheophy t ine .  
Opt ika  i Spek t roskop iya  3 ,  237-45 (1957).  The comparison of a b s o r p t i o n  
and p o l a r i z a t i o n  s p e c t r a  of c h l o r o p h y l l  (I) ( o b t a i n e d  chromatographi-  
c a l l y  from U r t i c a ) ,  c h l o r o p h y l i d e  (XI) (by f e r m e n t a t i o n  from Heracleum 
l e a v e s )  , pheophyt ine  (111) (prepd.  by t h e  method of Godnev) . 

G u r i n o v i c h ,  G .  and P a t s k o ,  I. 2, 1, 15  
CA 59-14751a (1963) 

A p p l i c a t i o n .  of  p u l s e - s p e c t r o s c o p y  methods t o  t h e  s t u d y  of p o r p h y r i n s .  
I z v .  Akad. Naulc SSSR, S e r .  E'LZ 21 (6) , 1 1 2 - 6  (1963). Mesoporphyrln,  
i t s  Zn and Cu d e r i v s .  , p r o t o p o r p h y r i n ,  and t e t r a p h e n y l p o r p h i n e  and 
i t s  Zn and Cu d e r i v s . ,  d i s s o l v e d  i n  p y r i d i n e ,  t o l u e n e ,  iso-BuOH, i s o -  
PrOH, and Me m e t h a c r y l a t e  were s u b j e c t e d  t o  l i g h t  p u l s e s  of 3  x 10-4-sec .  
d u r a t i o n  and v a r i a b l e  p u l s e  r e p e t i t i o n  r a t e .  The max. of i r r a d i a t e d  
samples a r e  s h i f t e d ;  i n  t e t r a p h e n y l p o r p h i n e  i n  P l e x i g l a s ,  e . g . ,  t h e  
S o r e t  band i s  s h i f t e d  from 435 t o  460 and bands a t  520,  550,  592,  
and 647 mp t o  680 and 770 m&. The spectrum of p u l s e - i r r a d i a t e d  Zn 
t e t r a p h e n y l p o r p h i n e  is  comple te ly  changed from bands a t  437 ( i n t e n s e ) ,  
569,  and 594 n y ~  t o  bands a t  487 ( i n t e n s e )  , 582,  612, and 785 ( i n t e n s e )  
m p .  The o t h e r  s u b s t a n c e s  have s i m i l a r  s p e c t r a .  Measurements were  
made of t h e  t imes n e c e s s a r y  f o r  b l e a c h i n g  and f o r  t h e  fo rmat ion  of 
a d d n l .  a b s o r p t i o n .  These a r e  t a b u l a t e d  f o r  a l l  m a t e r i a l s .  There  i s  
a  d e l a y  of -300 p s e c .  between b leach ing  and t h e  fo rmat ion  of  new 
a b s o r p t i o n  max. Th i s  d e l a y  p robab ly  cor responds  t o  t h e  photochem. 
r e a c t i o n  of e l e c t r o n  t r a n s f e r  from t h e  s o l v e n t  t o  t h e  porphyr in  mol. 

Gur inov ich ,  G . ,  P a t e e v a ,  M.  V . ,  
and ~ h u l ' g a ,  A .  M. 

Photochem. t r a n s f o r m a t i o n s  of p o r p h y r i n s  were s t u d i e d  on t h e i r  s o l n s .  
i n  p y r i d i n e ,  a l c .  , t h e i r  m i x t s .  , and m i x t s .  w i t h  H20, and a l s o  i n  
a c e t o n e  and H 2 0 ,  u s ing  a s c o r b i c  a c i d  a s  r educer  (approx,  50 mg. p e r  



1 0 c c . ) .  I n  t h e  a b s o r p t i o n  s p e c t r a  of mesoporphyrin,  t h e  bands a t  500, 
530, 570,  and 620 mP a r e  weakened a £  t e r  4 i r r a d i a t i o n s  w i t h  a 500-W. 
iamp and new broad bands appear  a t  660 and 740 mp,, a s  w e l l  as between 
t h e  S a u r e t  band and 550 w band. I n c r e a s e  of Hz0 i n  t h e  p y r i d i n e  
+ H z 0  s o l v e n t  d e c r e a s e s  t h e  t ime f o r  equa l  change i n  s p e c t r a l  i n t e n s i t y .  
NO changes a r e  observed w i t h  p y r i d i n e  a l o n e .  Admission of a i r  t o  t h e  
evacua ted  s o l n .  r e s t o r e s  t h e  o r i g i n a l  s i t u a t i o n .  A1.c. i s  s t i l l  s t r o n g e r  
a c t i n g  i n  m i x t s .  w i t h  p y r i d i n e .  Luminescence s p e c t r a  a r e  a l s o  changed 
by redn .  owing t o  i l l u m i n a t i o n .  S i m i l a r  e f f e c t s  were observed on 
p ro toporphyr in .  P h o t o r e d u e e F ~ n  Fe vary rapFd i n  porphFno and ~ i m h l a r  
i n  n a t u r e  t o  t h e  preceding o b s e r v a t i o n s .  No photochem. changes were 
observed on benzoporphine and te t raaza te t rabenzoporphine .  Te t raphenyl -  
porph ine  must be i r r a d i a t e d  f o r  15-30 min. 

Gur inov ich ,G.  P . ,  P a t s k o ,  A .  I . ,  
~ o l o v ' e v ,  K. N.  and Shkirman, S. F.  

P o l a r i z a t i o n  of t h e  phosphorescence of meta l -porphyr ins .  Opt ika  i 
Spelctroskopiya 19 (2) , 239-41 (1965) (Russ) . Absorp t ion ,  f l u o r e s c e n c e ,  
and phosphorescence s p e c t r a  were d e t d .  f o r  Zn mesoporphyr in ,  Zn 
t e t r a b e n z o p o r p h y r i n ,  and Cu mesoporphyrin.  P o l a r i z a t i o n  of phosphores- 
cence of t h e  i n v e s t i g a t e d  compds. w a s  117 and w a s  independent  o f  wave- 
l e n g t h  of t h e  e x c i t i n g  l i g h t .  I n  meta l  p o r p h y r i n s ,  t h e  o s c i l l a t o r  of 
phosphorescence i s  i n  t h e  p l a n e , o f  t h e . m o l s .  

Gurinovich,  I. I?. , Gurinovich,  G .  P.  , 
and Sevchenko , A .  N.  

The s t r u c t u r e  of p roduc t s  of photochemical  r e a c t i o n s  of porphyr ins .  
Dokl. Akad. Nauk SSSR 155 ( 6 ) ,  1345-7 (1964).  U l t r a v i o l e t  and i n f r a r e d  
s p e c t r a  of t e t r a a z o p o r p h y r i n  were taken a n d a  comparison was made 
between t h o s e  taken a f t e r  redn.  wi th  H2S i n  p i r i d h e  and.. a f t e r  c o n t a c t  
w i t h  a i r .  Photoredn. gave a  p roduc t  w i t h  a n  a b s o r p t i o n  band a t  450 m p ,  
which d i sappeared  a f t e r  a i r  oxidn.  The i n f r a r e d  spectrum of t h e  r e -  
duced p roduc t  con ta ined  new bands a t  615,  1280,  1380, and 1460 cm. 
w i t h  d i s a  pearance or: weakening of bands a t  635,  803,  1340, 1510, and 
1558 cm.-y Absorp t ion  i n  t h e  2800-3000 cm.-l r e g i o n  i n c r e a s e d  a f t e r  
r e d n . ,  w h i l e  t h e  3085 and 3300 cm.'l bands van i shed .  The r e s u l t s  i n -  
d i c a t e d  t h a t  t h e  photoredn,  d i d  n o t  invo lve  addn. of H atoms t o  t h e  
b r i d g e  N a toms ,  bu t  probably  d i d  invo lve  t h e  p y r r o l e  r i n g s .  



G u r i n o v i c h ,  I. F .  and Gur inov ich ,  G .  P .  2 ,  14 
CA 5 9 - 1 4 7 3 7 ~  (1963) 

Opt ika  i Spek t roskop iya  , Alcad. Nauk 
SSSR, Otd. Fiz . -Mat .  Nauk, Sb. S t a t e i  2 ,  196-205 (1963).  The i n f r a r e d  
s p e c t r a  of a  s e r i e s  of porphyr in  d e r i v s .  were measured and compared 
i n  KBr o r  i n  s o l n .  , i n c l u d i n g  p y r r o l e  , b i l i r u b i n ,  p r o t o p o r p h y r i n ,  
mesoporphyr in ,  Mg mesoporphyr in ,  t e t r a p h e n y l p o r p h i n e ,  Mg t e t r a p h e n y l -  
poupkr i n e  , tatt-aazsparphin~ , and Ng ph thslasynnine-, . Thc chnngas i n  t h e  
s p e c t r a  and t h e  s h i f t s  of t h e  bands d u r i n g  t h e  t r a n s i t i o n  from p y r r o l e  
t o  p o r p h y r i n  a r e  d i s c u s s e d .  Some r u l e s  a r e  g i v e n ,  The e f f e c t s  of  
con juga ted  sys tems and of  t h e  fo rmat ion  of a  b i g  v i b r a t i n g  sys tem,  and 
e s p .  of t h e  p a r t i c i p a t i o n  of  t h e  benzene r i n g  a r e  d i s c u s s e d .  The 
c h a r a c t e r i s t i c s  of t h e  v i b r a t i o n s  of t h e  NH group a r e  d e r i v e d .  

G u r i n o v i c h ,  G .  P . ,  Sevchenko , A. N. 
and S o l o v ' e v ,  K. N. 

Spec t roscopy  of t h e  p o r p h y r i n s .  Usp. F i z .  Nauk 79 ,  173-234 (1963). 
A r ev iew w-ith 193 r e f e r e n c e s .  

Gur inov ich ,  G .  P .  , S h u l ' g a ,  A .  M. 
and Sevchenko , A .  N.  

P o l a r i z e d  luminescence of reduced forms of p o r p h y r i n s .  Dokl. Akiid. 
Nauk SSSR 153 ( 3 ) ,  703-5 (1963).  P r o t o p o r p h y r i n  and t e t r a p h e n y l -  
porph ine  i n  EtOH-pyridine were s u b j e c t e d  t o  photoredn.  i n  t h e  p r e s e n c e  
of a s c o r b i c  a c i d  a t  l i q u i d  a i r  temp. and found t o  produce some 40-5% 
p o l a r i z e d  luminescence s p e c t r a  i n  r e g i o n s  of 730 and 810 m p .  Such 
h i g h  l e v e l s  of p o l a r i z a t i o n  i n d i c a t e d  a  l o w ' o r d e r  o f  symmetry of both  
t y p e s  of r e d n .  p r o d u c t s ;  t h e s e  cannot  be r e p r e s e n t e d  by formulas  w i t h  
l o c a l i z e d  H atoms on bo th  c e n t r a l  N atoms. The l i t e r a t u r e  on r e d n .  
p r o d u c t s  of porphyr ins  i s  reviewed.  

Gur inov ich ,  G. P .  

Luminescence of  dyes  of t h e  porphine  s e r i e s .  Trudy I n s t .  F i z .  i Mat., 
Akad. Nauk Be lo rus .  S.S.R. 1959,  No. 3 ,  111-30. A s t u d y  was made of 
t h e  a b s o r p t i o n  and p o l a r i z a t i o n  s p e c t r a  of t h e  f l u o r e s c e n c e  of 

- c h l o r o p h y l l  a ,  c h l o r o p h y l l i d e  a , M g  p h t h a l o c y a n i n e ,  a n d p r o t o p o r p h y r i n  
i n  a  m i x t .  of g l y c e r o l - c y c l o h e x a n o l  and glycerol -EtOH and i n  cyclohexanol  
Most of t h e  p o l a r i z a t i o n  d e t n s .  were made on a  p h o t o e l e c .  p o l a r i m e t e r .  
A l l  of t h e  o b j e c t s  s t u d i e d  have pos ,  f l u o r e s c e n c e  p o l a r i z a t i o n .  The 
a b s o r p t i o n  and emiss ion  of c h l o r o p h y l l  i n  t h e  405 and 660 w bands had 



a d i p o l e  c h a r a c t e r ;  consequen t ly ,  t h e  r e s u l t s  of t h e  p o l a r i z a t i o n  
measurements were conver ted t o  e x c i t a t i o n  by p o l a r i z e d  l i g h t  accord ing  
t o  t h e  Eevshin-Vavilov formula.  A dependence was found between t h e  
d e g r e e  of p o l a r i z a t i o n  and t h e  wavelength of emiss ion and a b s o r p t i o n  of 
3-monomethylaminophthalimide. The max. degree  of p o l a r i z a t i o n  c o r r e -  
sponded t o  a p u r e  e l e c t r o n  t r a n s i t i o r r ;  which a g r e e s  w i t h  t h e  law of 
m i r r o r  symmetry, k s i m i l a r  r e s u l t  'was o b t a i n e d  f o r  f l u o r e s c e i n  and 
Rhodamine B. The degree  of f l u o r e s c e n c e  p o l a r i z a t i o n  of p r o t o p o r p h y r i n  
had a max. i n  t h e  short-wave band and was p r a c t i c a l l y  z e r o  i n  t h e  long-  
wave band; t h e  same i s  t h e  c a s e  f o r  Mg phtha locyan ine ,  T h i s  s h a r p  
d i f f e r e n c e  i n  t h e  degree  of p o l a r i z a t i o n  i s  due t o  t h e  p a r t i c i p a t i o n  
of s e v e r a l  e l e c t r o n  l e v e l s  i n  emiss ion.  For t h i s  group of compds. 
a d e c r e a s e  i n  t h e  quantum y i e l d  of f l u o r e s c e n c e  w i t h  t h e  i n c r e a s e  i n  
t h e  v i s c o s i t y  of t h e  m e d i h  was observed ;  t h i s  i s  due t o  a quenching 
of t h e  1st o r d e r  (chem) s i n c e  t h e  a v .  d u r a t i o n  of t h e  e x c i t a t e d  s t a t e  
remains  c o n s t .  w h i l e  t h e  v i s c o s i t y  v a r i e s .  From R e f e r a t .  Zhur . ,  F i z .  
1960,  A b s t r .  No. 12508. 

Hagenbach, A . ,  Auerbach, F . ,  and 
Wie demann , E . 
L i g h t  a b s o r p t i o n  and c o n s t i t u t i o n o f  porphyr in  dyes .  Helv.  Phys. Acta 
9 ,  3-26 (1936).  The change of a b s o r p t i o n  s p e c t r a  of porphyr ins  was 
s t u d i e d  i n  r e l a t i o n  t o  changes i n  t h e  s k e l e t o n  s t r u c t u r e  of t h e  
porphyr in  n u c l e u s ,  cover ing  t h e  wavelength range  650-300 w .  Ether  
w i t h  addn. of p y r i d i n e  was used a s  s o l v e n t .  The molar c o e f f .  of  
e x t i n c t i o n  and t h e  a b s o r p t i o n  max. of t h e  fo l lowing  compds. a r e  s t a t e d  
and a b s o r p t i o n  curves  g iven :  p h y l l o p o r p h y r i n ,  rodoporphyr in ,  pheoporphyrin,  
d ihydropheophorbide  a ,  hemochromogen, pheophorbide a ,  pheophorbide b ,  
c h l o r o p h y l l  a and c h l o r o p h y l l  b. 

H a r r i s ,  R .  L. N. , Johnson,  A. W .  
and Kay, I. T. 

Stepwise  s y n t h e s i s  of porphyr ins  and r e l a t e d  macrocycles from 1, 19- 
d i d e o x y - a c - b i l a d i e n e s .  (Univ. Nottingham, Engl . ) .  Chem. Commun. 1965 
(ll),  232-4 (Eng). 



e- 

x,' 

Waurowitz, F e l i x ,  Kraus ,  F . ,  and  el, G .  I ,  15, 2 
CA 32-7343  (1938) 

s o r p t l o n  max, 
were o b t a i n e d  f o r  te t ramethylhemato-  and dimethylmesoporphyrin i n  30 
d i f f e r e n t  o r g .  s o l v e n t s  and i n  6 a c i d  s o l n s ,  The s o l n s .  were examd. 
f o r  f l u o r e s c e n c e  w i t h  the  u l t r a v i o l e t  Hg spect rum.  T r a n s f e r e n c e  
nneasurements on e tioporphyrin-ITT. Fn NCl-MeOH s o l n .  show c a t h o d i c  
m i g r a t i o n  of  the  c o l o r i n g  m a t t e r  . 

Haxo, F r a n c i s  T. 

Wavelength dependence of p h o t o s y n t h e s i s  and t h e  r o l e  of a c c e s s o r y  
p i g m e n t s .  ( S c r i p p s  I n s t .  of Oceanography, La J o l l a ,  C a l i f . ) .  I b i d .  
339-60. Comparative Biochemis t ry  o f  P h o t o r e a c t i v e  Systems (V.1 of 
Symposia on Comparative Biology) Mary B e l l e  A l l e n  Ed. , New York, 
Academic P r e s s ,  1960. 

Haza to ,  G .  1 0 ,  2  
CA 61-2597d (1964) 

Simple molecu la r  o r b i t a l  s t u d y  on t h e  r i n g  c u r r e n t  model of t h e  
p o r p h i n e  s k e l e t o n .  (Tohoku U n i v , ,  S e n d a i ,  J a p a n ) .  P roc .  I n t e r n .  Symp. 
Mol, S t r u c t .  S p e c t r y . ,  Tokyo 1962 (D217), 4pp. ( i n  E n g l i s h ) .  E v a l u a t i o n  
of the  r i n g  c u r r e n t  s h i f t s  were made w i t h  t h e  London- type M. 0. method, 
i n c l u d i n g  the  Coulomb i n t e g r a l  f o r  the  N atoms. C o r r e l a t i o n  of t h e  
r i n g  c u r r e n t  s h i f t  o f  the  r i n g  p ro ton  w i t h  S N ,  t h e  Coulomb i n t e g r a l  
c o r r e c t i o n  f o r  the  N atom, i s  p r e s e n t e d  g r a p h i c a l l y .  I t  i s  no ted  t h a t ,  
u n l i k e  CgHgN o r  CqHgN, the  t o t a l  sum of A K i  i n c r e a s e s  g r e a t l y  w i t h  
i n c r e a s i n g  h N .  Th i s  t r e n d  is  r e f l e c t e d  i n  the  n e t  s h i f t s  f o r  N-H pro- 
t o n s ,  r e q u i r i n g  l a r g e  neg.  c o r r e c t i o n s  t o  a d j u s t  them t o  t h e  e x p t l .  
v a l u e s  . 

H e i l m e i e r ,  G .  H .  and H a r r i s o n ,  S .  E .  

I m p l i c a t i o n s  o f  the  i n t e n s i t y  dependence of p h o t o c o n d u c t i v i t y  i n  meta l -  
f r e e  ~ h t h a l o c v a n i n e  c r y s t a l s .  (RCA Labs . .  P r i n c e t o n ,  N. J . ) .  J .  App1. 

L - - 
Phys.  34 ( 9 ) ,  2732-5 (1963) .  The e v a l u a t i o n  of  ph tha locyan ine  a s  a  
phb toconduc t ive  m a t e r i a l  has  l e d  t o  t h e  unusua l  r e s u l t  t h a t  t h e  photo-  
c u r r e n t  v a r i e s  a s  t h e  o n e - t h i r d  power of the  l i g h t  i n t e n s i t y .  T h i s  
e f f e c t i v e  d e s e n s i t i z a t i o n  i s  ana lyzed  i n  terms of d i f f u s i o n  e f f e c t s  
i n v o l v i n g  the  s u r f a c e .  



H e i l m e i e r ,  6 .  H . ,  and 
War f i e l d ,  George 

O p t i c a l  a b s o r p t i o n  spectrum of m e t a l - f r e e  ph tha locyan ine  s i n g l e  
c r y s t a l s .  ( P r i n c e t o n  Univ. ,  P r i n c e t o n ,  N. J . ) .  J .  Chem. Phys. 3 8 ,  
893-7 (1963).  The o p t i c a l  a b s o r p t i o n  spectrum of t h e  mol. c r y s t a l  
m e t a l - f r e e  ph tha locyan ine  was i n v e s t i g a t e d ,  25,000-3500 A. The 
spac t rnm a f  t h e  p h t h a l ~ c y a n i n e  m a l .  r e t a i n s  much of F r s  idenkk ty  i n  
t h e  c r y s t a l ,  a s  evidenced by t h e  s i m i l a r i t y  i n  t h e  r e g i o n s  of main 
a b s o r p t i o n .  Th is  i s  a  consequence o f  t h e  weak i n t e r m o l .  b ind ing  
f o r c e s .  The c r y s t a l  a b s o r p t i o n s  i n  t h e  r e g i o n  8000-5000A., and below 
4000 A. can be a t t r i b u t e d  t o  e x c i t a t i o n s  from t h e  h i g h e s t  f i l l e d  M.O. 
t o  t h e  v i b r a t i o n a l l y  broadened and s h i f t e d  e x c i t e d  s t a t e s  of t h e  mol. 
which occur i n  t h e  c r y s t a l  f i e l d .  V i b r a t i o n a l  s t r u c t u r e  was observed 
which was a t t r i b u t e d  t o  a sym. b r e a t h i n g  v i b r a t i o n  of t h e  p e r i p h e r a l  
benzene r i n g s  a n d ,  q u i t e  p o s s i b l y ,  a s i m i l a r  v i b r a t i o n  of t h e  e n t i r e  
ph tha locyan ine  mol. 

  ells t r o m ,  Harry  

R e l a t i o n  between c o n s t i t u t i o n  and s p e c t r a  of porphyr ins .  A l e v e l -  
system of porphyr in  molecu les .  Arkiv  Kemi, M i n e r a l .  Geol.  12B, No. 13 ,  
6  pp. (1936) ; c f .  C .  A. 2 7 ,  3141. The a b s o r p t i o n  bands of porphyr ins  
have been c l a s s i f i e d  a c c o r d i n g  t o  energy l e v e l s .  The cor responding  
f l u o r e s c e n t  bands have been observed and c a l c d .  Band systems belonging 
t o  t h e  p y r r o l e  and p y r r o l e n e  n u c l e i  and i s o c y c l i c  r i n g s  a r e  i n d i c a t e d .  
The f l u o r e s c e n t  s p e c t r a  of d e u t e r o p o r p h y r i n ,  e t i o p o r p h y r i n  and 
d e s o x o p h y l l o e r y t h r i n  i n  e t h e r  and t h e  a b s o r p t i o n  bands of mesoporphyrin 
a r e  g iven .  

Hershenson, H. M a  

Vo1. 3) ' New York: Academic, 1966, 223 pp. $14. 



Kodgson, E. and Baker, B. L. 

Evidence f o r  porphyr ins  i n  t h e  Orgue i l  m e t e o r i t e .  (Res. Counci l  
A l b e r t a ,  Edmonton, Can.) .  Nature  202 ( 4 9 2 8 ) ,  125-31 (1964).  Org. 
m a t t e r  ex td .  from 6 samples r e p r e s e n t i n g  4  s t o n e s  of t h e  Orgue i l  
carbonaceous m e t e o r i t e  was s u b j e c t e d  t o  a  s e r i e s  of s p e c t r a l ,  chrornato- 
g r a p h i c ,  and chem. t e s t s  whish r e v e a l  t h e  p resence  of p i@nents  i n d i s t i n -  
g u i s h a b l e  from e s t e r i f i e d  vanadyl  porphyr ins  of t e r r e s t r i a l  a n c i e n t  
sediments  and petroleum. The pigments were p r e s e n t  e i t h e r  because  they 
were ind igenous ,  o r  because t h e  s t o n e s  became contaminated w i t h  pigment- 
b e a r i n g  s u b s t a n c e s .  Limited d a t a  a v a i l a b l e  f o r  p o s s i b l e  contaminants  
such a s  d u s t s ,  s o i l s ,  and r e c e n t  sediments  show t h a t  t h e s e  s u b s t a n c e s  
c o n t a i n  both  c h l o r i n s  and porphyr ins  , w i t h  t h e  c h l o r i n s  i n  marked 
e x c e s s  over t h e  porphyr ins .  The v i r t u a l  absence of c h l o r i n s  i n  t h e  
m e t e o r i t e  exts . ,  the re fore ,  does n o t  suppor t  t h e  con tamina t ion  p o s s i -  
b i l i t y .  Vanadyl porphyr ins  a r e  e v i d e n t l y  indigenous t o  a n c i e n t  
t e r r e s t r i a l  carbonaceous rocks  a r i s i n g  o u t  of sediments  d e p o s i t e d  under 
reduc ing  c o n d i t i o n s  r e p l e t e  w i t h  b i o g e n i c  a c t i v i t y .  The O r g u e i l  
carbonaceous c h r o n d r i t e  e x h i b i t s  many of t h e  o rg .  components of 
a n c i e n t  t e r r e s t r i a l  r o c k s ,  and a n  e a r l i e r  d e t a i l e d  c o n s i d e r a t i o n  of 
t h e  environment of t h e  Orgue i l  m e t e o r i t e  p a r e n t  body l e d  t o  t h e  i n d i -  
c a t i o n  t h a t  t h e  environment was a  low-temp, aq .  sys tem w i t h  an  a l k .  
pH and s l i g h t l y  reduc ing  ox idn . - redn .  p o t e n t i a l .  What p r e s e n t l y  
appear  t o  be indigenous porphyr in  pigments i n  t h e  Orgue i l  s t o n e s  
s t r o n g l y  s u g g e s t  a  p o s s i b i l i t y  of b iogen ic  a g e n c i e s  i n  t h e  o r i g i n  of 
t h e  org .  m a t t e r  of t h e  Orgue i l  m e t e o r i t e .  



tloffman, Donald R. 

Mass s p e c t r a  of porphyr ins  and c h l o r i n s .  (Harvard Univ.). J. Org. 
Chem. 30 ( l o ) ,  3512-16 ( 1 9 6 5 ) ( ~ n g ) .  The mass s p e c t r a  of s e v e r a l  
porphyr ins  and c h l o r i n s  of s y n t h e t i c  and b i o l o g i c a l  i n t e r e s t  have 
been o b t a i n e d  and i n t e r p r e t e d .  These compounds fragment on ly  
porJphernlly a a  une wauld  axpsce o f  a l u z g e  ofomai$c s y s t e m .  Bub- 
s t i t u e n t s  i n  t h e  7- and 8 - p o s i t i o n s  i n  c h l o r i n s  a r e  more l a b i l e  t h a n  
p y r r o l e  r i n g  s u b s t i t u e n t s .  y - S u b s t i t u e n t s  a r e  even more l a b i l e  and 
a r e  l o s t  w i t h  t h e  t r a n s f e r  of one and two hydrogens t o  t h e  t e t r a -  
p y r r o l e  system, i f  p o s s i b l e .  A s t e r i c  e f f e c t  i s  observed i n  t h e  l o s s  
o f  y - s u b s t i t u e n t s ,  The s p e c t r a  of compounds c o n t a i n i n g  a d d i t i o n a l  
f i v e -  and six-membered c a r b o c y c l i c  r i n g s ,  i n c l u d i n g  methyl phaephorbide ,  
were  o b t a i n e d  and i n t e r p r e t e d .  The d i r e c t i o n s  of r i n g  c l o s u r e  p r e d i c t e d  
f o r  two i s o m e r i c  c h l o r i n s  i n  Woodward's c h l o r o p h y l l  s y n t h e s i s  were  con- 
f irmed. The mass s p e c t r a  of s e v e r a l  compounds c o n t a i n i n g  six-membered 
l a c t o n e  r i n g s  a r e  d i scussed .  Mechanisms a r e  proposed f o r  s e v e r a l  o f  
t h e  t y p e s  o f  f ragmenta t ions  observed.  

Hol t ,  A. S. and Jacobs ,  E.  E. 17, 14 

Infra-Red a b s o r p t i o n  s p e c t r a  of c h l o r o p h y l l s  and d e r i v a t i v e s ,  P l a n t  
Physiology 30 (1955) p. 553, 

I n f r a r e d  spec t roscopy  of c h l o r o p h y l l s .  ( ~ a t l .  Res. Counci l ,  Ot tava ,  
Can.). Proc.  I n t e r n .  Congr. Biochem., 5 t h ,  Moscow, 1961, 6 ,  59-63 
(Pub. 1963).  I n f r a r e d  s p e c t r a  of c h l o r o p h y l l s  a r e  s t u d i e d  i n  o r d e r  t o  
d e t .  g roup ings  involved i n  r e v e r s i b l e  i n  v i t r o  r e a c t i o n s .  Der ivs .  
of c  l o r o p h y l l  a  i n  nonpolar  s o l v e n t s  have a b s o r p t i o n  bands a t  1610 -? 
cm. which,  by comparison w i t h  r e l a t e d  compds., a r e  n o t  due t o  C-2 
v i n y l  o r  a romat ic  C=C bonds but  t o  charge d i s t r i b u t e d  n  both  k e t o n e  
and e s t e r  ca rbonyls  a s  w e l l  a s  on C-10. The 1645 ern.-' band appears  
on ly  w i t h  Zn and Mg d e r i v s ,  and i s  a l s o  dependent on t h e  p resence  of 
t h e  C-9-keto group i n  t h e  i s o c y c l i c  r i n g  which e n o l i z e s ,  

(Nat l .  Res, 
Counc i l ,  Ottawa, Can.). Chem. .,Biochem, P l a n t  Pigments (T. W, Goodwin, 
e d i t o r ,  Academic) 1965, 3-28 (Eng) , 186 r e f e r e n c e s ,  



IIolt ,  A ,  S ,  and Morley, H e  V, 

Recent s t u d i e s  of ch lorophyl l  chemistry.  (Natl .  Research Council ,  
Ottawa, Can.). I b id .  169-79. Comparative Biochemistry of Photo- 
reacti;e systems (V.l Symposia on Comparative Biology) Mary Be l l e  A l l en ,  
ed. ,  New York Academic Press ,  1960, 

Hol t ,  A. S. & Morley, H. V. 17, 11 
CA 53-16148b (1959) 

Proposed s t r u c t u r e  fo r  ch lorophyl l  d. (Natl. Research Council ,  Ottawa). 
Can. J. Chem. 37, 507-14 (1959). 

I 
I 

Horie,  Shigeo and Morrison, Mart in  ' 5 ,  1 
CA 59-4207a (1963) 

Cytochrome c oxidase components. 111. S p e c t r a l  p r o p e r t i e s  of 
cytochromes a and a . (Ci ty  of Hope Med. Center ,  Duarte,  C a l i f . ) .  J. 
Biol .  Chem. 238 (8): 2859-65 (1963); c f .  CA 58, 1 4 3 9 2 ~ .  The s p e c t r a l  
p r o p e r t i e s  o f  a p u r i f i e d  cytochrome c oxidase prepn. were i nves t i ga t ed .  
A procedure i s  o u t l i n e d  by which the  d i f f e r e n c e  s p e c t r a  of any des i r ed  
combination of reduced and oxidized cytochromes a and a 3 can be obtained.  
The reduced vs .  oxidized d i f f e r e n c e  spectrum of cytochrome a 3 and t h e  
d i f f e r e n c e  spectrum of oxidized vs .  reduced CO-cytochrome a 3 a r e  pre-  
sen ted .  The procedure can  be modified t o  o b t a i n  abs.  s p e c t r a  of t he  
cytochrome c oxidase prepn. i n  which cytochromes a and a 3 a r e  p re sen t  
i n  d i f f e r e n t  va lence  s t a t e s .  Thus, s p e c t r a  a r e  shown of t he  prepn. 
w i t h  e i t h e r  ox id ized  cytochrome a and reduced cytochrome a o r ,  con- 
v e r s e l y ,  reduced cytochrome a and oxidized kytochrome a 3' 3 ~ t  is  a l s o  
p o s s i b l e  t o  ob t a in  the  spectrum of the prepn. equiv. t o  p a r t i a l l y  
reduced cytochrome a i n  t h e  presence of oxidized cytochrome a o r ,  

3 
conversely,  t h e  equ iva l en t  of p a r t i a l l y  reduced cytochrome a i n  t h e  
presence of  oxidized cytochrome a . Examples a r e  a l s o  given of t h e  
s p e c t r a  of va r ious  combinations 02 p a r t i a l l y  reduced cytochromes a and 

a3 ' 
It i s  noted t h a t  most of t h e  previous specu la t i ons  concerning t h e  

c o n t r i b u t i o n s  of t h e  2 cytochromes t o  t he  abso rp t ion  a t  444 and 605 mp 
i n  t h e  reduced form a r e  ques t i onab le ,  The most s i g n i f i c a n t  po in t  i n  
t h i s  regard  i s  t h e  h igh  con t r ibu t ion  of cytochrome a t o  t he  So re t  peak 
of the  reduced cytochrome c oxidase prepn. Cytochrome a accounts f o r  
a t  l e a s t  twice a s  much of t h e  absorp t ion  a t  444 mp a s  does cytochrome a 3 ' 



Ingram, D.  J .  E .  

F r e e  R a d i c a l s  a s  S t u d i e d  by E l e c t r o n  S p i n  Resonance. New York: 

Ingram, D. J. E . ,  Bennett, J. E., George, P. & G o l d s t e i n ,  J .  M. 

16,  4 ,  2  
CA 50-13606e (1956) 

The paramagnet ic  r e sonance  s p e c t r a  of  copper  porph ine  d e r i v a t i v e s .  
(Univ, of Pennsy lvan ia ,  P h i l a d e l p h i a ) .  J .  Am. Chem. Soc. 78, 3545-6 
(1956) ;  c f .  C.A, 49, 5122h; p reced ing  a b s t r , - - T h e  paramagnet ic  r e s -  
onance a b s o r p t i o n  s p e c t r a  o f  t h e  Cu complexes o f  a, $, y, h - t e t r a -  
pheny lporphyr in  and i t s  p-C1 d e r i v .  (Rothemond and Menot t i ,  C .  A. 
42, 6357g),  was i n v e s t i g a t e d .  Dipo le -d ipo le  i n t e r a c t i o n  between 
n e i g h b o r i n g  Cu atoms i n  such  l a r g e  mols. i s  s o  reduced,  even  i n  t h e  
concd. c r y s t a l ,  t h a t  t h e  s e p a r a t e  h y p e r f i n e  components of t h e  spect rum 
can  be r e s o l v e d  w i t h o u t  r e s o r t i n g  t o  d i l n .  w i t h  a n  isomorphous 
d iamagne t i c  compd. The h y p e r f i n e  s t r u c t u r e  of  t h e  u n c h l o r i n a t e d  
d e r i v ,  c o n s i s t s  o f  4  e q u a l l y  spaced components a s  i n  most Cu cornpds., 
and t h e  v a l u e s  a r e  v e r y  c l o s e  t o  t h o s e  o b t a i n e d  f o r  Cu ph tha locyan ine  
( l o c .  c i t . ) .  The h y p e r f i n e  p a t t e r n  o f  t h e  C 1  d e r i v .  shows t h a t  t h e r e  
i s  c o n s i d e r a b l e  i n t e r a c t i o n  w i t h  t h e  C 1  n u c l e i  which c a u s e s  a  f u r t h e r  
s p l i t t i n g  o f  each h y p e r f i n e  component. S i n c e  t h e  s p l i t t i n g  i s  s o  
l a r g e  (abou t  100 g a u s s e s ) ,  i t  i m p l i e s  t h a t  t h e  magnet ic  e l e c t r o n  i s  
assocd.  w i t h  t h e  C1 atoms f o r  a n  a p p r e c i a b l e  time. The e s t d .  i n t e r a t .  
C1-Cu d i s t a n c e  i n  t h i s  p a r t i c u l a r  mol. i s  a b o u t  9-10 A. Al though such 
a  long- range  i n t e r a c t i o n  i s  well-known f o r  f r e e  r a d i c a l s ,  i t  h a s  n o t  
been p r e v i o u s l y  observed f o r  t h e  c a s e  o f  magnet ic  e l e c t r o n s  assocd,  
w i t h  a  normal paramagnet ic  atom, 

Ingram, D. J. E. ,  Kendrev, J.  C .  

O r i e n t a t i o n  of t h e  hem group i n  myoglobin and i t s  r e l a t i o n  t o  t h e  
p o l y p e p t i d e  c h a i n  d i r e c t i o n .  (Univ. Southhampton, Engl . ) .  Nature  
178,  905-6 (1956) ;  c f .  C.A. 50, 7583g.- -Elect ron s p i n  resonance  
measurements on myoglobin were  s a t i s f a c t o r i l y  c o r r e l a t e d  w i t h  o p t i c a l  
measurements of t h e  d i c h r o i c  r a t i o  and w i t h  i n d i c a t i o n s  of t h e  p r e -  
dominant p o l y p e p t i d e  c h a i n  d i r e c t i o n s  d e r i v e d  from P a t t e r s o n  s y n t h e s e s  
computed from x- ray  d i f f r a c t i o n  d a t a .  



Ingram, D. J. E. & Bennett, J. E.  

ssions Faraday Soc. 
No. 19. 140-6 (1955).--Exptl. work on these compds. is difficult because 
of the'small size o£ the crystals available. By using 8-mm. and 1.25-cm. 
wavelengths and small resonant cavities, small crystals could be examd. 
g-Values were obtained for Cu, Fe, and Co metallic derivs. of phthalocya- 
nine and indicated differences from the expected ionically bound bi- 
valent values. Four Cu derivs. of chlorophyll showed a single line. 
Measurements on hemin, acid-met-ferrihemoglobin, acid-met-ferrimyoglobin, 
ferrihemoglobin fluoride, and ferrimyoglobin fluoride indicate that the 
binding to the Fe atom is not "essentially ionic" and the structure is 
different from that previously assumed. Measurements on ferrihemoglobin 
and ferrimyoglobin azide confirm the essentially covalent bonding pre- 
viously supposed. 

Ingram, D. J. E. & Bennett, J. E. 

derivatives. (Univ. Southampton, Engl.). J. Chem. Phys. 22, 1136-7 
(1954).--Preliminary measurements of the paramagnetic resonance absorp- 
tion were summarized for crystals of the following compds.: Cu 
phthalocyanine, Co phthalocyanine, Fe phthalocyanine, Mn phthalocyanine, 
V phthalocyanine, Ni phthalocyanine, 4 Cu chlorophylls, and hemoglobin. 

Inhoffen, H. H., Bliesener, C., & Brockmann, H. Jr. 
CA 65-18589a (1966) 

hotoprotoporphyrin into spirographis- and i so sp i rog raph i spo rphy r in .  
TTech. Hochsch., Brunswick, Ger.). Tetrahedron Letters 1966(31), 
3779-83(Ger). 

Ionaitis, G .  and Kazlauskene, A. 

Temperature effect on the electronic absorption spectra of carotene. 
(V. Katukas State Univ., Vilnyus). Fiz. Probl. Spektroskopii, Akad. 
Nauk SSSR, Materialy 13-go [Trinadtsatogo] Soveshch., Leningrad, 1960, 
1, 294-5(Pub. 1962). The absorption spectra of the mixt. of a-, $-, 
and y-carotene were investigated at different temps, They were taken 
in visible and ultraviolet light from 4-20' to -196~ in EtOH, Et20, mixt. 
of both (1:1), and petr, ether. The visible absorption spectrum of the 



c a r o t e n e  mixt .  a s  w e l l  a s  of a- and 6- c a r o t e n e  i s  s h i f t e d  a t  l a 7  temps, 
t o  t h e  long wavelength  s i d e  owing t o  t h e  t r a n s f e r  of a g r e a t e r  no. of 
mols. i n  t h e  t r a n s  form. The temp, dependence of t h e  a b s o r p t i o n  rnax. i s  
s t r a i g h t - l i n e d .  The s t e r e o i s o m e r i z a t i o n  of c a r o t e n e s  produced new 
a b s o r p t i o n  max. between 3300 and 34009A-. ( c i s  peak) .  Between 3200 and 
4000 A . ,  3 max. were  ob ta ined  i n  tbe 'mixt .  of  cy- and @-caro tene  i n  
p e t r .  e t h e r :  only  1 was i d e n t i c a l  w i t h  t h e  c i s  peak (3305 A . ) .  I n  
u l t r a v i o l e t  l i g h t ,  t h e  genera l  a b s o r p t i o n  i n c r e a s e d  a t  low temps., 
b u t  l e s s  t h a n  i n  t h e  v i s i b l e .  The addn l .  max. i n  t h e  u l t r a v i o l e t  i s  
n o t  a r e s u l t  of t h e  s t e r e o i s o m e r i z a t i o n  of ca ro tene .  At low temp., 
t h e  m a j o r i t y  of t h e  c a r o t e n e  mols. go i n t o  t h e  t r a n s  form and t h e  
i n t e n s i t y  of t h e  a b s o r p t i o n , s p e c t r u m  i n  t h e  u l t r a v i o l e t  r e g i o n  has  t o  
d e c r e a s e .  The max. i n  t h e : ' u l t r a v i o l e t  occur red  on ly  i n  t h e  s o l n s .  of 
@-caro tene .  

I s l e r ,  0. 

Vitamin A and c a r o t i n o i d s .  (Hoffmann-LaRoche, Base l ,  ~ w i t z . ) .  Angew. 
Chem. 68, 547-53 (1956).--A review of t h e  work o f  I., e t  a l .  12 
re fe rences , ,  

Ivanov,  N .  P. and I l ' i c h ,  G. K. 

S p e c t r a l  c h a r a c t e r i s t i c s  of v i t a m i n s  B, and B y  (Phys. I n s t . ,  Minsk). 
Lab. Delo 8 ,  No. 2 ,  24-7 (1962). ~ b s o t ~ t i o n  gnd luminescence c h a r -  
a c t e r i s t i c s  of r i b o f l a v i n  ( I ) ,  th iamine (11) ,  and thiochrome (111) were  
s t u d i e d  a t  v a r i o u s  pH v a l u e s .  I1 had a b s o r p t i o n  max. a t  234 and 267 9 
a t  pH 7.0, 8.7, and 9.7, and absorbancy a t  t h e s e  wavelengths  i n c r e a s e d  
w i t h  i n c r e a s e  i n  plI. Absorp t ion  max. of I 1 , w e r e  a t  247 and 257 mp at: 
bo th  pH 3 and 5 ,  and absorbancy a t  t h e s e  wavelengths  i n c r e a s e d  w i t h  
d e c r e a s e  i n  pH. 111 had a lumines'cence max. a t  450 mp, and i t s  
i n t e n s i t y  decreased  markedly w i t h  i n c r e a s e d  p e r i o d s  of i r r a d i a t i o n .  
A l l  a b s o r p t i o n  max. o f  I ,  excep t  t h a t  a t  445 mp, underwent a v e r y  
s m a l l  s h i f t  toward t h e  u l t r a v i o l e t ,  w h i l e  t h e  a b s o r p t i o n  max. a t  445 
mp s h i f t e d  t o  400 mu a s  pH was brought  from 7 t o  11. A t  pH 0.7 
absorbancy of I a t  445 m v  decreased ,  w h i l e  o t h e r  s p e c t r a l  p r o p e r t i e s  
o f  I remained v i r t u a l l y  t h e  same, I f l u o r e s c e d  w i t h  a max. a t  545 mp 
and t h e  i n t e n s i t y  o f  luminescence was decreased  i n  both  s t r o n g l y  a c i d i c  
and b a s i c  s o l n s .  Although t h e  i n t e n s i t y  o f  luminescence of I decreased  
a s  a r e s u l t  of prolonged i r r a d i a t i o n ,  t h e  change was much s m a l l e r  t h a n  
t h a t  of 111. 



, 

Jackson ,  A .  H . ,  Budzikiewicz ,  H . ,  ~ j e r a s s i ,  7 ,  13,  16 
C a r l ,  Kenner ,  G .  W,, Smith,  K. M .  and CA 64-3325d  (1966)  
A p l i n ,  R .  T. 

62, 13150d; 63, 11477a, 16183e, 18188f. The mol, i o n  n e a r l y  always 
produces  t h e  s t r o n g e s t  peak i n  mass s p e c t r a  of porphyr ins .  The macro- 
c y c l i c  nuc leus  is remarkably s t a b l e  and f ragmenta t ion  g i v e s  mainly  
b e n z y l i c  ions .  I n  d e r i v s ,  of porphyr in  t h i s  invo lves  c l e a v a g e  a t  t h e  
bond once removed from t h e  macrocycle ,  bur In c k l o r f n e s  she e n t i r e  
s u b s t i t u e n t  i s  l o s t  from t h e  reduced p y r r o l e  r i n g .  M e  e s t e r s  of 
c h l o r i n e s  d e r i v e d  from c h l o r o p h y l l  l o s e  d i r e c t l y  147 and 159 mass u n i t s  
i n  complex p r o c e s s e s  marked by s t r o n g  m e t a s t a b l e  peaks.  A l l  t h e  s p e c t r a  
c o n t a i n  a  prominent s e r i e s  of peaks from doubly charged i o n s ;  a  novel  
f e a t u r e  i s  l o s s  of k e t e n e  from p r o p i o n a t e  s i d e  c h a i n s .  

J a c o b s ,  E .  E. e t  a1 

S p e c t r o s c o p i c  p r o p e r t i e s  of c r y s t a l s  and u n i l a y e r s  of c h l o r o p h y l l  and 
r e l a t e d  compounds. (Univ. o f  I l l i n o i s ,  Urbana). Arch. Biochem. 
Biophys. 72, 495-511 (1957) ;  c f .  C.A. 48, 4603i ;  51, 4505i.--Micro- 
c r y s t a l s  of E t  c h l o r o p h y l l i d e s  and pheophorbides a  and b ,  and o f  Me 
b a c t e r i o c h l o r o p h y l l i d e ,  were  prepd. and t h e i r  a b s o r p t i o n  s p e c t r a  detd.  
The main long-wave bands a r e  s h i f t e d  toward longer  waves by 1-2 x 10 3 

cm. compared w i t h  t h e i r  ( e x t r a p o l a t e d )  p o s i t i o n  i n  f r e e  mols. ( i  .e .  
by 40-80 mp from t h e i r  p o s i t i o n  i n  org. s o l v e n t s ) .  The s h i f t  i s  a  
f u n c t i o n  of t h e  s i z e  of t h e  m i c r o c r y s t a l s ,  r e a c h i n g  s a t n .  i n  c r y s t a l s  
abou t  0.5 p i n  diam. An on ly  s l i g h t l y  s m a l l e r  s h i f t  i s  observed i n  
c r y s t .  u n i l a y e r s ;  t h i s  c o n d i t i o n  i n d i c a t e s  t h a t  t h e  i n t e r a c t i o n s  r e -  
s p o n s i b l e  f o r  t h e  s h i f t  occur  mainly i n  1 c r y s t a l l o g r a p h i c  plane.  I n  
l i q u i d  u n i l a y e r s ,  t h e  s h i f t  i s  much s m a l l e r ,  s i m i l a r  t o  t h a t  i n  amor- 
phous c o l l o i d  s o l n s .  A t h e o r y  of t h e  band s h i f t  i s  g i v e n ;  i t  i s  based 
on e l e c t r o s t a t i c  i n t e r a c t i m  i n  a n  i s o t r o p i c  a r r a y  of ( v i r t u a l )  d i p o l e s ,  
c r e a t e d  by l i g h t  a b s o r p t i o n  (wi thout  c o n s i d e r a t i o n  of t h e  o v e r l a p p i n g  
o f  e i g e n f u n c t i o n s  and consequent resonance e f f e c t s ) .  The abs .  v a l u e  
o f  t h e  max. s h i f t  i n  l a r g e  m i c r o c r y s t a l s ,  and, i n  p a r t i c u l a r ,  t h e  
shape  o f  t h e  curve  s h m i n g  t h e  dependence of t h e  s h i f t  on c r y s t a l  s i z e ,  
s u p p o r t  t h e  assumption of a predominant ly  2-dimensional i n t e r a c t i o n .  
The s i g n i f i c a n c e  of t h e s e  r e s u l t s  f o r  t h e  h y p o t h e t i c a l  c h l o r o p h y l l  
u n i l a y e r s  i n  v i t r o  and t h e  p o s s i b l e  m i g r a t i o n  of e x c i t a t i o n  energy i n  
them i s  d i s c u s s e d .  Absence of f l u o r e s c e n c e  s u g g e s t s  t h a t  m i g r a t i o n  
must be v e r y  r e s t r i c t e d ,  i f  a t  a l l  e x i s t e n t ,  i n  c r y s t a l s  and c r y s t .  u n i -  
l a y e r s ;  i t  could  be more e x t e n s i v e  i n  noncrys t .  u n i l a y e r s .  The e x i s t e n c e  
of  u n i l a y e r s  of t h e  l a t t e r  type i s  compat ible  w i t h  t h e  a b s o r p t i o n  spectrum 
of c h l o r o p h y l l  i n  v i v o .  



J a f f e ,  H.  H. 6 Orchin,  Mil ton CA 58-4070f (1963) 

New York: John 
Wiley and Sons.  1962. 624 pp. 

J a n n e l l i ,  L i l i a n a ,  and O r s i n i ,  P. G.  7 ,  1 3  
CA 58-12003E (1963) 

ne. Cryoscopic  behavior .  Rend, Accad. S c i ,  
F i s .  Mat. (Soc. Mozl. S c i . ,  ~ a ~ o l i ) f 4 1 2 6 ,  246-50 (1959). F.ps.  were  
measured f o r  t h e  system pyr ro le -benzene  a t  concns. from 0 (pure  benzene) 
t o  1 (pure p y r r o l e ) .  From t h e s e  t h e  s t a t e  diagram was ob ta ined ,  and 

0 
t h e  e u t e c t i c  temp.(-36.6 ) and compn. (0.774) were  c a l c d .  The m.p. of 
p u r e  p y r r o l e  i s  23.54'. The a c t i v i t y  c o e f f .  of  t h e  p y r r o l e  i n c r e a s e s  
w i t h  i n c r e a s i n g  p y r r o l e  concn. T h i s  i s  a t t r i b u t e d  t o  (1) d i m e r i c  
assocns .  o f  p y r r o l e ,  and (2)  d e v i a t i o n  of t h e  sys tem from i d e a l i t y  
due t o  s o l u t e  s o l v e n t  i n t e r a c t i o n .  

J e n n i n g s ,  A. L . ,  and Boggs, J. E. 

Mass spec t romet ry  f o r  s t r u c t u r e  d e t e r m i n a t i o n .  Simple n i t r o g e n  h e t e r o -  
c y c l e s .  (Univ. of Texas,  A u s t i n ) .  J. Org. Chem. 2 9 ( 7 ) ,  2065-6 (1964). 
The mass s p e c t r a  of 20 s imple  N h e t e r o c y c l i c  compds. were  measured on 
a  modif ied Conso l ida ted  Engineer ing  Corp. mass spec t romete r  model 
21-102, and t h e  complete s p e c t r a  submi t t ed  f o r  d i s t r i b u t i o n .  The 
r e l a t i v e  i n t e n s i t i e s  of N +, C N H ~ + ,  C H +, M-HCN, M-C Hg, M-C H 0 2 4  
f ragments  were  l i s t e d  i n  5. of b a s e  peak? More than  5 ? m / e  28 was 
p r e s e n t  i n  a l l  s p e c t r a  exce t t h a t  o f  2-methylcarbazole .  With  t h e  
e x c e p t i o n  o f  N + mols. CNH ' appears  t o  be t h e  main c o n t r i b u t o r .  Ac- 2  
c o r d i n g l y  absence of m/e 28 would e l i m i n a t e  t h e  p o s s i b i l i t y  of a d j a c e n t  
N atoms i n  a  g iven N h e t e r o c y c l i c  compd, and o f  a  u n s u b s t i t u t e d  r i n g  
N atom between 2  C atoms w i t h  2 H atoms a t t a c h e d  t o  t h e  C-N s t r u c t u r e .  
A peak a t  m/e 39 appeared wherever t h e r e  were 3 o r  more C atoms i n  a  
c h a i n  w i t h  a t  l e a s t  3  H atoms among them. The non-appearance o f  a  
s i g n i f i c a n t  m/e o f  39 i n d i c a t e s  t h e  absence o f  such a  cha in .  I t  was 
f u r t h e r  concluded t h a t  no Ac group i s  p r e s e n t  on a  g iven  N h e t e r o -  
c y c l i c  r i n g  i f  a  s i g n i f i c a n t  p a r e n t  i o n  minus 43 m/e peak i s  n o t  p r e s e n t  
i n  t h e  spectrum,  

Jensen,  Synnove Liaaen 3 ,  1% 

Caro teno ids  of P h o t o s y n t h e t i c  B a c t e r i a  - D i s t r i b u t i o n ,  S t r u c t u r e  and 

San P i e t r o  and Leo P .  Vernon ( e d . )  



2 ,  11 
Johnson, A. W .  

CA 50-12025d (1956) 

(Univ. Nottingham, 
iew of  r e c e n t  r e s e a r c h e s  

on t h e  b i o g e n e s i s  of t h e  porphyr ins ,  

Johnson,  A .  W .  

Recent advances i n  s c i e n c e :  Organic  chemis t ry .  (Univ. Nstt ingham, 
Engl . )  Sc ience  P rag r .  4 4 ,  81-6 (1956).  A review of r e c e n t  i n v e s t i -  
g a t i o n s  on v i t a m i n  B12. 

J o n a i t i s  , H .  , Kazlauskiene,  A .  , and 
R u k s t e l y t e ,  E.  

4 

E f f e c t  of low tempera tu res  on t h e  u l ' t r a v i o l e t  a b s o r p t i o n  spectrum of 
c a r o t e n e .  V i l n i a u s  Univ., Mokslo Darbai  33, 113-15 (196O)(Russ i~n  
summary, 115).--Absorption max. a t  3305, 3487, and 3700 A .  a t  18 were 
observed i n  t h e  u l t r a v i o l e t  spectrum of a- and @ - c a r o t e n e  mixt,  i n  
p e t r .  e t h e r  s o l n .  Decrease o f  temp. t o  -196' caused t h e  yx. t o  s h i f t  
towards t h e  l o n g e r  wave-length s i d e  a t  a  r a t e  of 0.25 A, /  C ,  Absorp- 
t i o n  i n t e n s i t y  i n c r e a s e d  w i t h  d e c r e a s i n g  temp. 

J o n a i t i s ,  H . ,  e t  a 1  

E f f e c t  of t empera tu re  on v i s i b l e  l i g h t  a b s o r p t i o n  spectrum of c a r o t e n e .  
V i l n i a u s  Univ., Mokslo Darbai  33, 117-23 (1960)(Russion summary, 122). 
- -Spec t ra  o f  a- and @-caro tene  mix t ,  in p e t r .  e t h e r *  EtOH, E t  0, and 
o c t a n e  s o l n s .  were  i n v e s t i g a t e d  between 18 and -196 . ~ b s o r ~ e i o n  rnax. 
a t  4760 and 4460 A. were  okserved a t  18'. The 3 r d  max. a t  4240 A. was 
n o t i c e d  a t  temp. below -78 . Absorp t ion  i n t e n s i t y  i n c r e a s e d  w i t h  
d e c r e a s i n g  temp., and rnax. were s h i f t e d  towards t h e  longer  wave-length 

0 
s i d e  a t  a  r a t e  o f  0.72 A . /  C. The s h i f t  r a t e  was l i n e a r  w i t h  r e s p e c t  

' t o  temp., e x c e p t  a t  t h e  s o l v e n t  m.p. Phys. p r o p e r t i e s  o f  s o l v e n t s  had 
only  s l i g h t  e f f e c t  on a b s o r p t i o n  s p e c t r a .  S p l i t  o f  peaks was observed 
w i t h  nonpola r  s o l v e n t s .  



J o n a i t i s ,  H, , Kaduna i t e ,  D.  
and Kaz lausk iene ,  A.  

E f f e c t  of  t empera tu re  and s o l v e n t  on the  e l e c t r o n  a b s o r p t i o n  spectrum 
of  @ - c a r o t e n e .  L ie tuvos  F i z .  R ink inys .  L i e t u v o s  TSR Mokslu Akad., 
L i e t u v o s  TSR Auks tos ios  Mokyklos 2  (3-4) , 415-21 (1962) ( i n  R u s s i a n ) .  
The a b s o r p t i o n  s p e c t r a  o f  s y n t h e t i c  $ -ca ro tene  were measured,  $20 t o  
-19G0, in s n l n .  in n-haxnns, n-hey cane , n-actane , n-nonnna, f a l u e n e ,  
PrOH, CHC13, PhC1, and benzene. The 3 a b s o r p t i o n  max. i n  the  v i s i b l e  
range s h i f t e d  t o  longer  wavelength  w i t h  d e c r e a s i n g  temp. The wave- 
l e n g t h s  of  the  max. depended on t h e  n a t u r e  of t h e  s o l v e n t .  They were 
a  f u n c t i o n  of  f ( n )  = (2n2 - 2) /2n2  + 1 ) .  The i n t e r a c t i o n  of  t h e  s o l u t e  
mol. w i t h  t h e  s o l v e n t  mols.  i s  d i s c u s s e d .  

J o n a i t i s  , H. , Kazlausk iene ,  A .  
and S a l n a ,  V.  

E f f e c t  of t h e  s o l v e n t  on t h e  e l e c t r o n i c  s p e c t r a  of v i t a m i n  A and 
B-ca ro t in .  Tr .  Komis. po S p e k t r o s k o p i i ,  kkad.  Nauk SSSR 3  ( I ) ,  664-72 
(1964) (Russ) .  The e f f e c t  of  t h e  s o l v e n t  on the  p o s i t i o n ,  i n t e n s i t y ,  . . 
and magnitude of the  temp. s h i f t  i n  a b s o r p t i o n  bands o f  s o l n s .  o f  
v i t a m i n  A and B-ca ro t in  i n  the  uv and v i s i b l e  spect rum was s t u d i e d .  
The magnitude of spect rum s h i f t s  was dependent on t h e  phys. p r o p e r t i e s  
of  t h e  s o l v e n t .  From Ref.  Zh. ,  F i z . ,  D. 1965, A b s t r .  No. 12D300. 

J o n a i t i s ,  H.  and K r i s c i u n i e n e ,  B. 

Dependence of  the  a b s o r p t i o n  s p e c t r a  of v i t a m i n s  B, and C on tempera- 
t u r e .  L i e t u v o s  F i z .  R ink inys ,  L ie tuvos  TSR Moks.1~ Akad.,  L ie tuvos  
7 

TSR A u k s t o s i o s  Mokyklos 2 ( 3 - 4 ) ,  409-14 (1962) ( i n  R u s s i a n ) .  The 
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  of  a l c .  s o l n s .  of v i t a m i n s  B1 and C 
were measured,  +20 t o  -150°, by a  s p e c t r o m e t e r  and a  s p e c i a l  thermo- 
s t a t .  When t h e  temp. d e c r e a s e d ,  the  a b s o r p t i o n  max, were  r a i s e d  and 
s h i f t e d  t o  longer  wavelength  a t  concns.  o f  10-4 g / c c .  The e f f e c t s  
depended on t h e  concns.  I n  a q .  s o l n s . ,  t h e r e  was no change up t o  the  
p o i n t  o f  c o n g e a l a t i o n .  The e f f e c t s  were e x p l a i n e d  by a n  a l t e r a t i o n  o f  
t h e  p r o b a b i l i t y  of  e l e c t r o n - v i b r a t i o n a l  t r a n s i t i o n s .  



J o n a i t i s ,  H . ,  Kazlauskiene,  A .  
and S a l n a ,  V.  

E f f e c t  of the  s o l v e n t  on the  a b s o r p t i o n  spectrum of v i t amin  A .  
R 

Auks tos ios  Mokyklos 2 (3 -4) ,  401-7 (1962). The s h i f t  of  t h e  300-mp 
a b s o r p t i o n  max, o f  v i t a m i n  A was i n v e s t i g a t e d  s p e c t r o p h o t o m e t r i c a l l y  
i n  &ha F ~ l & n t ~ t n c ;  e a l v n n t s  ; R k n t l ,  ?rQ%f, bnn*Puc)tl, n - t l a s ~ n a ,  nehepbaas~,  
n-oc tane ,  n-nonane, benzene,  t o l u e n e ,  CHC13, PhC1, C C 1  E t20 ,  P  OAc, 
iso-PrOAc, and benzene. The s h i f t  depended on the  n(n$'-  1 ) / ( 2 n 5  + 1)  
and on t h e  d i e l e c .  c o n s t . ,  s, b u t  i t  could  n o t  be e x p l a i n e d  by t h e s e  
macroscopic  p r o p e r t i e s  a l o n e .  The h e i g h t  o f  t h e  max. was a l s o  depen- 
d e n t  on t h e  s o l v e n t .  

J o n e s ,  R .  A .  1, 14, 7 
CA 58-13315g (1963) 

P y r r o l e  s t u d i e s .  I .  I n f r a r e d  s p e c t r a  of 2-monosubst i tu ted p y r r o l e s .  
(Univ. Adela ide) .  A u s t r a l i a n  J. Chem. 16 ,  No. 1, 93-100 (1963).  The 
p o s i t i o n s  and i n t e n s i t i e s  o f  t h e  c h a r a c t e r i s t i c  i n f r a r e d  a b s o r p t i o n  
bands o f  t h e  nuc leus  were o b t a i n e d  f o r  35 2-monosubst i tu ted p y r r o l e s  
i n  t h e  r e g i o n  2000-800 cm'l. 



Kamen, Mar t in  D. 9 ,  1 2  

- 
Howard G e s t ,  Anthony San P i e t r o ,  and Leo P. Vernon ( e d . ) .  

Kamen, M a r t i n  D. 

3 
)1 

.The heme p r o t e i n s  o f  p h o t o s y n t h e t i c  t i s s u e s .  (Brande i s  Univ., Waltham, 
Mass.) .  Proc.  I n t e r n .  Congr. Biochem,, 5 t h ,  Moscow, 1961, 6 ,  242-50 
(Pub. 1963) ( i n  E n g l i s h )  . A  review w i t h  47 r e f e r e n c e s  on t h e  occur rence  
and n a t u r e  of  heme p r o t e i n s  i n  p l a n t s ,  p h o t o s y n t h e t i c  b a c t e r i a ,  and o n  
p h o t o s y n t h e s i s  and enzymes assocd .  w i t h  p h o t o s y n t h e t i c  heme p r o t e i n s .  

Kamen, M a r t i n  D. 12 
CA 60-870a (1964) 

Advanced Biochemis t ry .  Vol. 1. Primary P r o c e s s e s  o f  P h o t o s y n t h e s i s .  
New Yorkt Academic P r e s s .  1963. 182 pp, 

Kamen, M a r t i n  D. 

Hematin compounds i n  p h o t o s y n t h e s i s .  (Brandeis  Univ. ,  Waltham, Mass.) .  
I b i d .  323-37. Comparative Biochemis t ry  o f  P h o t o r e a c t i v e  Sys tems (V. 1 
of Symposia on Comparative Biology) Mary B e l l e  A l l e n ,  e d . ,  New York, 
Academic P r e s s ,  1960. 

Karapetyan,  N . ,  L i t v i n ,  F .  F. 
and Krasnovslci i  , A .  A .  

I n v e s t i g a t i o n  o f  the  p h o t o t r a n s f o r m a t i o n s  of  c h l o r o p h y l l  by d i f f e r e n t i a l  
spec t ropho tomet ry .  (A. N .  Bakh I n s t .  Biochem., Moscow). B i o f i z i k a  8 ,  
191-200 (1963) ;  c f .  CA 53,  2375c. The app,  p e r m i t t e d  t h e  measurement of  
the  d i f f e r e n t i a l  l i g h t - d a r k n e s s  s p e c t r a  of  s o l n s .  o f  c h l o r o p h y l l  (I) ,  
The d i f f e r e n t i a l  a b s o r p t i o n  s p e c t r a  of  I measured i n  s o l n s .  were ve ry  
s i m i l a r  when I was be ing  photoreduced and pho toox id ized .  During the  
r e v e r s i b l e  photoredn.  of I ,  bo th  slower changes and r a p i d  ( l e s s  than 
one s e c . )  comple te ly  r e v e r s i b l e  s t a g e s  occur .  During photooxidn. ,  s low,  
i r r e v e r s i b l e  changes o f  I occur .  I n  the  d i f f e r e n t i a l  s p e c t r a  of  suspen- 
s i o n s  o f  t h e  g r e e n  a l g a  C h l o r e l l a  pyreno idosa ,  t h e  changes i n  t h e  r e d  
r e g i o n  d u r i n g  i l l u m i n a t i o n  were c h i e f l y  due t o  a  change i n  the  f l u o r e s -  

/' cence,  w h i l e  a  change of  a b s o r p t i o n  wgs observed i n  t h e  g r e e n  r e g i o n  of 
t h e  spect rum,  The p o s i t i o n  of  the  long wave max, of  suspens ions  of the  



p h o t o s y n t h e t i c  b a c t e r i a  Chromatium and Rhodopseudomonas p a l u s t r i s  C . -  
pends on t h e  age o f  t h e  c u l t u r e .  Under t h e  a c t i o n  o f  i n t e n s e  l i g h t  
impulses ,  t h e  change of t h e  luminescence of c h l o r o p h y l l  s t i m u l a t e d  by 
monochromatic measuring l i g h t  should  be cons idered  i n  i n t e r p r e t i n g  
the  d i f f e r e n t i a l  l i g h t  s p e c t r a .  

K a r p i t s k a y a ,  V .  and Di lung ,  I .  I .  

Photochemical  o x i d a t i o n  of c h l o r o p h y l l  i n  f r o z e n  s o l u t i o n s .  Dokl. 
Akad. Nauk SSSR 152 (2) ,  367-9 (1963). The complexing o f  c h l o r o p h y l l  
( I )  w i t h  O2 was s t u d i e d  i n  t h e  s o l i d  s t a t e  i n  a l c . ,  C6H6, C6HgCH3, 
CHC13, and CC14 o r  mix t s .  o f  t h e s e  s o l v e n t s .  I r r a d i a t i o n s  employed 
r e d  l i g h t  from a  f i l a m e n t  lamp. I n  one e x p t .  ( a l c .  s o l n . )  O2 was ad-  
m i t t e d ,  t h e  f r o z e n  g l a s s  photolyzed and new peaks appeared a t  465, 
490, 520, and 580 mp; t h i s  was t aken  a s  evidence o f  d e h y d r a t i o n  a t  
C-7 and C-8 i n  the  p y r r o l e  r i n g .  Because of r e s t r i c t e d  mol. motion 
a t  7 7 ' ~  i t  i s  proposed t h a t  a  mol. complex between I and O2 i s  respon-  
s i b l e  f o r  t h e  oxidn.  The dark r e a c t i o n  of 02 w i t h  I was s t u d i e d  spec-  
t r a l l y ;  degassed s o l n s .  o f  I i n  C6H6 show a  10-20% i n c r e a s e  i n  o p t i c a l  
a b s o r p t i o n  a t  680 and 425 mpwhen 0 2 l s  a d m i t t e d  a t  s e v e r a l  atms.  
S i m i l a r  s t u d i e s  i n  a l c .  g i v e  the,,same s p e c t r a l  changes ,  b u t  r e q u i r e  a  
l o n g e r  time. I t  i s  concluded ;hat I e n t e r s  i n t o  a dark  r e a c t i o n  
(complexing) w i t h  02 .  

K a r r e r ,  Paul  and J u c k e r ,  E r n s t  

~ o i d s .  New York: E l s v i e r  Pub. Co. 1950. 384 pp. Sornmerhoff, - -- 
cl. : A n a l y t i c a l  Biology. New York: o x f o r d  Univ. P r e s s .  1950. 207 pp. 

Karyakin ,  A .  and Chib i sov ,  A .  K. 

S p e c t r a l  i n v e s t i g a t i o n  o f  w a t e r  s t a t e  i n  c h l o r o p h y l l .  (V.I. Vernadsk i i  
I n s t .  Geokhim. and Anal.  Chem., Moscow). B i o f i z i k a  7 ,  561-7 (1962).  
The i n f r a r e d  and v i s i b l e  a b s o r p t i o n  s p e c t r a  of ha rd  f i l m s  and s o l n s .  of 
c h l o r o p h y l l ,  a s  w e l l  a s  t h e  f l u o r e s c e n c e  s p e c t r a  o f  s o l n s .  of t h e  p i g -  
ments ,  were i n v e s t i g a t e d .  The H 2 0  bound i n  c h l o r o p h y l l s  a  and b  had 
d i f f e r e n t  bond s t r e n g t h s  and,  a c c o r d i n g l y ,  d i f f e r e n t  r a t e s  o f  i s o t o p i c  
exchange w i t h  D20. I t  was assumed t h a t  a t  the  p l a c e  of i n t e r a c t i o n  of 
c h l o r o p h y l l  a  w i t h  H20 the  atoms of  0 of t h e  c y c l o p e n t a n i c  r i n g  appear .  
The H20 bound w i t h  the  pigments had a  s t r o n g  e f f e c t  on the  e l e c t r o n i c  
a b s o r p t i o n  and emiss ion  s p e c t r a  of c h l o r o p h y l l ,  



Karo, S e c h i ,  Tonomura, Shizu 
and Yarnamo t o ,  Kazulto 

S p e c t r o s c o p i c  n a t u r e  o f  c h l o r o p h y l l .  J. S c i .  Research I n s t .  (Tokyo) 
4 6 ,  118-25 (1952).  On the  b a s i s  of p r e v i o u s l y  p u b l i s h e d  d a t a  i n  the  
l i i e r a  t u r e  , ' e s p e c i a l l y  t h e  d a t a  concerning thk a b s o r p t i o n  and f  l u o r e s -  
cence spectrum of c h l o r o p h y l l - t y p e  compds, ( I ) ,  i n  t h e  v i s i b l e  range 

a the  fol,l-owinp, conclr is inns  are drawn.  The first i  s t r o n g  and aacond weak 
e a b s o r p t i o n  g i v e n  by I i s  a t t r i b u t e d  t o  the  t r a n s i t i o n  t a k i n g  p l a c e  

between t h e  v i b r a t i o n a l  e x c i t e d  s t a t e  (one s t e p )  of t h e  ground s t a t e  
and n o n v i b r a t i o n a l  s t a t e  of t h e  n e x t  h i g h e r  energy l e v e l .  The mol. 
i s  most ly  i n  t h e  v i b r a t i o n a l  e x c i t e d  s t a t e  a t  room temp. owing t o  t h e  
symmetry o f  t h e  e l e c t r i c  f i e l d  caused by t h e  hydrogena t ion  o f  one of 
t h e  n u c l e i .  The f l u o r e s c e n c e  i s  a t t r i b u t e d  t o  t h e  t r a n s i t i o n  t a k i n g  
p l a c e  between t h e  a n t i s y m m e t r i c a l  v i b r a t i o n a l  s t a t e  o f  the  ground 
s t a t e  and t h e  n o n v i b r a t i o n a l  s t a t e  of t h e  n e x t  h i g h e r  energy l e v e l .  

Katz ,  J .  J . ,  C l o s s ,  G .  L . ,  Pennington,  
F .  C . ,  Thomas, M .  R . ,  and S t r a i n ,  H .  H .  

I n f r a r e d  s p e c t r a ,  molecu la r  w e i g h t s ,  and molecu la r  a s s o c i a t i o n  o f  
c h l o r o p h y l l s  a  and b,  methyl c h l o r o p h y l l i d e s ,  and pheophyt ins  i n  v a r i -  
ous  s o l v e n t s .  (Argonne N a t l .  Lab. ,  Argonne, I l l . ) .  J. Am. Chem. Soc. 
85 ( 2 3 ) ,  3801-9 (1963).  The i n f r a r e d  s p e c t r a  of c h l o r o p h y l l s  a  and b  
i n  CC14, CHC13, and benzene (nonpolar  s o l v e n t s )  i n  t h e  1600-1750-cm-~ 
r e g i o n  a r e  b e s t  i n t e r p r e t e d  on t h e  b a s i s  o f  i n t e r m o l .  a g g r e g a t i o n  i n -  
v o l v i n g  c o o r d i n a t i o n  of ketone and a ldehyde  ca rbonyl  0 atoms of 1 mol. 
w i t h  t h e  c e n t r a l  Mg atom o f  a n o t h e r .  I n  b a s i c  o r  p o l a r  s o l v e n t s ,  t h e  
c o o r d i n a t i o n  unsa tn .  of the  Mg i s  s a t i s f i e d  by t h e  s o l v e n t ,  and the  
c h l o r o p h y l l s  e x i s t  predominant ly  i n  monomeric forin, D i r e c t  mol. wt.  
d e t n s .  conf i rm t h e  r e l a t i o n  between t h e  e x t e n t  of mol. a g g r e g a t i o n  
and t h e  observed i n £  r a r e d  s p e c t r a .  

Ke, Bacon 

Linh t - induced  r a p i d  a b s o r p t i o n  changes d u r i n g  p h o t o s y n t h e s i s .  I V .  
Reac t ions  i n  aged c h l o r o p l a s t s  i n  the  p resence  of a s c o r b a t e  and redox 
dyes .  (Char les  F. K e t t e r i n g  Res. Lab. ,  Yellow S p r i n g s ,  Ohio) ,  Bio- 
chim. Biophys. Acta 88 ( Z ) ,  289-96 (1964) (Eng);  c f .  CA 61, 11064a. 
T r a n s i e n t  a b s o r p t i o n  changes a t  430 mp a r e  induced i n  aged c h l o r o p l a s t s  
by r e d  l i g h t  f l a s h e s .  The a b s o r p t i o n  change occurs  i n  s e c .  o r  
l e s s  and h a s  a  h a l f - l i f e  of approx.  10-2 s e c .  The enhancement o f  t h e  
r e a c t i o n  by a s c o r b a t e  and the  abol ishment  by f e r r i c y a n i d e  s u g g e s t  t h a t  
a n  oxidn.  r e a c t i o n  i s  r e s p o n s i b l e  f o r  t h e  a b s o r p t i o n  change. I n  t h e  
p resence  o f  3 - ( 3 ,  4-dichloropheny1)-1 ,  1 -d imethy lurea ,  the  a b s o r p t i o n  



change i s  no t  obse rved ,  b u t  the  s i g n a l  can be r e s t o r e d  complete ly  by 
adding a s c o r b a t e .  A v a i l a b l e  evidence ,from t h e  decay k i n e t i c s  of t h e  
430-mp t r a n s i e n t  a b s o r p t i o n  changes i n  t h e  p resence  of a s c o r b a t e  
s u g g e s t s  t h a t  d ich lo ro indophenol  a t  a l l  concns.  r e a c t s  w i t h  cytochrome 
w h i l e  phenazine  methosuhfate  a t  bow consns ,  r e a c t s  w i t h  sytochrome and 
a t  concns ,  > 3  x 10-5 M w i t h  the  pigment complex P700 o n l y ,  Th is  F s  
i n  accord  w i t h  t h e  d i f f e r e n c e  s p e c t r a  observed i n  t h e  b l u e  r e g i o n  
b f ~ l 1 ~ 2 ' 6  . a % s ~ i  ~ y e ~ e l ~ r ~ m ~ r  P ~ I W Q B F ~ R  tare O ~ R C Z T V ~ C ~ )  nold a%aa wFLI) L I I U  GO:%; 
comi tan t  and s i m i l a r l y  decaying a b s o r p t i o n  changes a t  430 and  703 mp. 
L i g h t - i n t e n s i t y  dependency of t h e  complex r e a c t i o n  i n  aged c h l o r o p l a s t s  
con tg .  a s c o r b a t e  and a  t r a c e  amt. of phenazine  m e t h o s u l f a t e  showed t h a t  
a t  low i n t e n s i t y  o n l y  t h e  oxidn.  o f  t h e  c h l o r o p h y l l  complex t a k e s  p l a c e .  
The coup l ing  r e a c t i o n  between t h e  pigment complex and cytochrome t a k e s  
p l a c e  o n l y  a t  h i g h e r  l i g h t  i n t e n s i t i e s .  

Ke, Bacon 18,  1 7 ,  12 
CA 64-2305d (1966) 

O p t i c a l  r o t a t . o r y  d i s p e r s i o n  of a  c h l o r o p l a s t  p r e p a r a t i o n .  ( K e t t e r i n g  
Res. Lab. ,  Yellow S p r i n g s ,  Ohio).  Nature 208 (5010), 5 /T-4 (1965) 
(Eng). Observa t ions  a r e  g iven  on sp inach  l e a f  c h l o r o p l a s t s  i n  s o l n . ,  
a s  w e l l  a s  i n  the  n a t u r a l  environment,  w i t h  r e g a r d  t o  t h e  r e l a t i o n  
b e ~ w e e n  o p t i c a l  r o t a t o r y  d i s p e r s i o n  (ORD) and the b ind ing  o f  pigments 
i n  t h e  p h o t o s y n t h e t i c  p r o c e s s .  Cot ton e f f e c t s  cor responding  t o  the  
major a b s o r p t i o n  bands i n  t h e  r e d  and b l u e  r e g i o n s  i n d i c a t e d  o p t i c a l  
a c t i v i t y  i n  t h e  e l e c t r o n i c  t r a n s i t i o n s  cor responding  t o  t h e  a b s o r p t i o n  
bands.  Pa ths  of p o s s i b l e  i n t e r a c t i o n  of c h l o r o p h y l l s ,  c a r o t e n o i d s ,  
and l i p o p r o t e i n s ,  and between pigment mols. and t h e  a t t a c h e d  macromols. 
a r e  sugges ted .  

Ke, Bacon 

(Char les  F. K e t t e r i n g  Res. Lab., Yellow S p r i n g s ,  Ohio) .  Arch. Biochem. 
Biophys. 112 ( 3 ) ,  554-61 (1965) (Eng). The o p t i c a l  r o t a t o r y  d i s p e r s i o n  
(ORD) of the  c h l o r o p l a s t - l a m e l l a e  f ragments  shows Cot ton e f f e c t s  
cor responding  t o  a l l  t h e  p igment -absorp t ion  peaks i n  t h e  v i s i b l e  
r e g i o n  and a  neg. t rough a t  235 mw. The ORD spectrum i n  t h e  v i s i b l e  
r e g i o n  shows c o n s i d e r a b l y  more complexi ty  and i n t e n s i t y  than t h a t  o f  

- t h e  i s o l a t e d  c h l o r o p h y l l s  o r  xan thophyl l s  i n  a n  o rg .  s o l v e n t .  The 
enhancement of t h e  i n t r i n s i c  Cot ton e f f e c t s  o f  t h e  pigments i n  the  
l i p o p r o t e i n  s u g g e s t s  a  s t r o n g  i n t e r a c t i o n  between t h e  pigment mols. 
themselves  and ( o r )  between the  pigmenfimols.  and t h e  a t t a c h e d  l i p o -  
p r o t e i n  macromols, The major c o n t r i b u t i o n  t o  t h e  235 mp, t rough was 
a t t r i b u t e d  t o  p r o t e i n  conformat ion.  Under t h i s  assumption,  the  



p r o t e i n  i n  t h e  c h l o r o p l a s t  l amel lae  was e s t d ,  t o  c o n t a i n  approx,  17% 
h e l i x ,  Heat ing the  c h l o r o p l a s t  l amel lae  reduced the  magnitude of the  
235 mp t rough and s h i f t e d  t h e  c h a r a c t e r i s t i c  ORD spectrum of  the  
n a t i v e  l a m e l l a e  t o  one resembling t h a t  of the  f r e e  pigments.  Urea 
t r e a t m e n t  of t h e  l a m e l l a e  p r o t e i n  reduced the  235 mp t rough  b u t  d i d  
n o t  a f  f e c  t t h e  v i s i b l e - r e g i o n  Cot ton  e f f e c t s .  Heat ing t h e  l a m e l l a e  
p o s s i b l y  caused a  d i s r u p t i o n  o f  t h e  o r g a n i z a t i o n a l  r e l a t i o n  between 
the pigment and the  l i p o p r o t e i n  as w e l l  a s  the  h e l i c a l  conformat isn .  

Ke, Bacon and M i l l e r ,  Rober t  M .  

O p t i c a l  r o t a t o r y  d i s p e r s i o n  o f  c h l o r o p h y l l  a .  (C.F. K e t t e r i n g  Res. 
Lab. ,  Yellow S p r i n g s ,  Ohio) .  Na turwissenschaf ten  51  (18) ,  436 (1964) 
( i n  E n g l i s h ) .  - ~ e s ; l t s  on t h e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  (ORD) of 

. 

c h l o r o p h y l l  a (I) and c h l o r o p h y l l  b  (11) from 350 t o  700 mp a r e  r e -  
p o r t e d .  For I ,  t y p i c a l  Cot ton  e f f e c t  curves  i n d i c a t e d  t h a t  the  e l e c -  
t r o n i c  t r a n s i t i o n s  cor responding  t o  t h e  2  major a b s o r p t i o n  bands were 
o p t i c a l l y  a c t i v e ,  As measurements a r e  made toward s h o r t e r  wavelength 
i n  t h e  r e d  a b s o r p t i o n  band, t h e  o p t i c a l  r o t a t i o n  d e c r e a s e d  a s  the  
a b s o r p t i o n  max. was approached,  r eached  a  t rough ,  and then  r a p i d l y  
i n c r e a s e d  u n t i l  i t  reached  a cor responding  peak, and then  g r a d u a l l y  
d e c r e a s e d  a g a i n .  The p a t t e r n  was r e v e r s e d  i n  t h e  b l u e  a b s o r p t i o n  
band. Expts .  o n I I p r o d u c e d  a  s i m i l a r  ORD curve w i t h  t h e  Cot ton e f f e c t s  
s h i f t e d  i n  wavelength  t o  correspond t o  p o s i t i o n s  o f  t h e  a b s o r p t i o n  max. 

Kholmogorov, V. E . ,  S idorov ,  A .  N .  
and T e r e n i n ,  A .  N .  

Light- induced e l e c t r o n  s p i n  resonance s i g n a l s  i n  c h l o r o p h y l l  i n  the  
c r y s t a l l i n e  s t a t e  and i t s  i n f r a r e d  spectrum. Dokl. Akad. Nauk SSSR 
147,  954-7 (1962).  The dark-  and l i g h t - i n d u c e d  e l e c t r o n  s p i n  r e s o -  - 

nance s p e c t r a  o f  c r y s t .  c h l o r o p h y l l  ar; shown and c o r r e l a t e d  w i t h  the  
i n f r a r e d  spectrum. C r y s t .  pigment has  a  complex i n f r a r e d  spectrum i n  
t h e  3400 cm-I r e g i o n ,  which i n d i c a t e s  a  s p e c i a l  s t a t e  of bound H20, 
which d i f f e r s  from t h a t  i n  t h e  amorphous pigment. S p e c i f i c a l l y ,  a  
s t r o n g  e n o l i c  s h i f t  i s  sugges ted  f o r  the  c r y s t .  form. Removal of 
bound H20 r e s u l t s  i n  a  s h i f t  toward the  k e t o  form. I t  i s  sugges ted  
t h a t  t h e  3200 cm-I band i s  caused by HO v i b r a t i o n  of assocd .  H20, and 
a  narrow band a t  3603 cm-I i s  caused by unassocd.  HO bond. I n d u c t i o n  
of t h e  s i g n a l  i n  c r y s t .  c h l o r o p h y l l  i s  b e s t  accomplished by l i g h t  w i t h  
a  720 mp wavelength.  I t  a p p e a r s  t o  i n v o l v e  t h e  t r a n s f e r  of a n  e x c i t o n ,  
p r i o r  t o  l i b e r a t i o n  o f  c u r r e n t - c a r r y i n g  e n t i t i e s .  



Kholmogorov, V, E ,  and Shablya,  A.  V.  

l i g h t  a b s o r p t i o n  s p e c t r a  of t e t r a h y d r o f u r a n  s o l n s .  of Mg ph tha locyan ine  
@rjPhc) were ~ t u d L ~ C - 1  s imul raneous ly .  Dark r e d n ,  o f  MgBha by rnptxkl-li-c 

Na (prepd.  by thermal  decompn. of i t s  a z i d e )  l e a d s  t o  a t  l e a s t  2 prod- 
u c t s ;  o n l y  1 of  them e x h i b i t s  a n  E.P.R. spectrum (g = 2.003, AH = 7 o e . ) .  
The cor responding  neg. i o n - r a d i c a l  w i t h  d e l o c a l i z e d  unpa i red  e l e c t r o n  
i s  c h a r a c t e r i z e d  by a b s o r p t i o n  max. a t  420, 640, 950, and ,  p robab ly ,  
570 mp. C r e a t i o n  o f  t h e  redn.  p r o d u c t s  i n a c t i v e  i n  E.P.R. i s  e x p l a i n e d  
by c o n s e c u t i v e  r e a c t i o n s  o f  t h e  pr imary i o n - r a d i c a l s .  The s p e c t r a  o f  
t h e  redn .  p r o d u c t s  o f  ph tha locyan ine  (no meta l )  a r e  s i m i l a r  t o  those  
d e s c r i b e d ,  t h e  r a d i c a l  having a l s o  the a b s o r p t i o n  max. a t  570 mp. 

King, Gera ld  W. 1 

Spectroscopy and Molecular  S t r u c t u r e .  New York: H o l t ,  R i n e h a r t ,  and 
Winston. 1964. 482 pp. 

Kl ingmuel le r ,  V.  

Chemistry and metabolism of porphyr ins .  Modern a s p e c t s .  Arch. Kl in .  
E x p t l .  Dermatol.  219, 7 (13-18) (1964). A review.  Protoporphyr inemic 
l i g h t  u r t i c a r i a .  I .  Heilmeyer. I b i d .  717-18. D e s c r i p t i o n s  a r e  g i v e n  
o f  s e v e r a l  forms o f  e r y t h r o p o i e t i c  p o r p h y r i a  i n v o l v i n g  p r o t o -  and 
l i g h t  s e n s i t i v i t y .  

Krav t sov ,  L. A .  and Ivanov,  N. P .  

. C a l c u l a t i o n  o f  t h e  i n f l u e n c e  o f  r e a b s o r p t i o n  i n  luminescence s p e c t r a  
( I n s t ,  Phys. and Math. Acad. S c i .  

B e l o r u s s .  SSSR, Minsk). 1nzhener . -F iz .  Zhur . ,  Akad. Nauk Be loruss ,  
SSR 1958, No. 2 ,  45-52. The i n f l u e n c e s  of t h e  r e a b s o r p t i o n  a r e  con- 
s i d e r e d  f o r  t h e  s p e c t r a  of luminescent  mols . ,  where t h e r e  i s  a  s t r o n g  

- o v e r l a p p i n g  of the  bands o f  t h e  a b s o r p t i o n  and o f  t h e  luminescence.  
Chlorophyl l  and  pheophyt in  a r e  e s p e c i a l l y  cons idered .  Under v a r i o u s  
c o n d i t i o n s  o f  e x c i t a t i o n  i t  i s  p o s s i b l e  t o  c a l c .  the  r e a b s o r p t i o n  and 
t o  o b t a i n  t h e  t r u e  shape 'of t h e  luminescence bands from the  v a l u e s  a s  
measured. 



Kobayashi, Hiroshi 

was c a r r i e d  o u t  on  p r o t o t y p e  porph ine ,  t h e  e l e c t r o n e g a t i v i t y  parameter  
o f  R be ing  v a r i e d  from 0.0 t o  L.5. The o r b i t a l ,  cn~r@. tea , tLranf f i c ion  
canet.gz&efs, t s t a ~ t ; r ~ n  ds. , t s l m ~ e t ~ 3 1 7  bond o r d e r s ,  f r e e  v a l e n c e s ,  and 
f r o n t i e r  e l e c t r o n  ds .  were e v a l u a t e d  a s  t h e  f u n c t i o n s  of t h e  e l e c t r o -  
n e g a t i v i t y  parameter .  I t  i s  p r e d i c t e d  t h a t  both e l e c t r o p h i l i c  and 
r a d i c a l  r e a g e n t s  a t t a c k  a  porphine mol. a t  i t s  N atoms o r  methine 
b r i d g e s ,  whereas  n u c l e o p h i l i c  r e a g e n t s  do on ly  a t  t h e  methine b r idges .  
Var ious  bands i n  t h e  e l e c t r o n i c  spectrum cou ld  be i n t e r p r e t e d  a s  
a r i s i n g  from t r a n s i t i o n s  t o  e l e c t r o n i c  c o n f i g u r a t i o n s ,  i n  which a 
s i n g l e  e l e c t r o n  i s  e x c i t e d .  

Kobayashi,  H i r o s h i  

The e l e c t r o n i c  s p e c t r a  of porphine.  (Tokyo I n s t .  Technol . ) .  J .  Chem. 
Phys. 30, 1362-3 (1959). The e x c i t a t i o n  o f  p r o t o t y p e  porphine was 
s t u d i e d  through t h e  semiempi r ica l  s e l f - c o n s i s t e n t  f i e l d  mol. o r b i t a l  
theory .  The e n e r g i e s  of t h e  lowest  e x c i t e d  c o n f i g u r a t i o n s  and t h e  
v a l u e s  o f  t h e i r  i n t e r c o n f i g u r a t i o n a l  m a t r i x  e lements  were summarized. 

Kobozev, N. I . ,  Nekrasov, L. I .  
and Podgornyi ,  I .  M. 

o i l  
Konf., Moscow 1957, 131-5 (Pub. 1959).  The a d s o r p t i o n  i so therm o f  
c h l o r o p h y l l  on alumina g e l  has  a n  i n f l e c t i o n  cor responding  t o  t h e  
f i l l i n g - u p  o f  t h e  1 s t  unimol.  l a y e r  and t h e  subsequent  fo rmat ion  o f  a  
2nd l a y e r .  While c r y s t .  c h l o r o p h y l l  i s  d iamagne t ic ,  t h e  adsorbed p ig -  
ment i s  paramagne t ic ,  r e g a r d l e s s  of t h e  degree  o f  s u r f a c e  f i l l i n g ,  
The magnet ic  s u s c e p t i b i l i t y  curve a l s o  has  a  s h a r p  b reak  a t  the  p o i n t  
of t r a n s i t i o n  of u n i -  t o  bimol. l a y e r  s t a t e ,  The magnet ic  s u s c e p t i -  
b i l i t y  r i s e s  r a p i d l y  w i t h  d e c r e a s i n g  degree  of s u r f a c e  f i l l i n g ,  and a t  
Pow f i l l i n g  v a l u e s  i t  r e a c h e s  v e r y  l a r g e  paramagnet ic  l e v e l s .  The 
r e s u l t s  a r e  shown g r a p h i c a l l y .  



Kobyshev ,  G .  I . ,  L y a l i n ,  G ,  N, and 
T e r e n i n ,  A .  N .  

. (A. A .  Zhdanov 
S t a t e  Univ . ,  Len ingrad) .  Dokl. Akad. Nauk SSSR 168 ( l ) ,  68-71 (1966) 
(Russ) .  A new luminescence band, 430-510 n p ,  peaking a t  480, was ob- 
s e r v e d  i n  5 x ~ o - ~ M  s o l n s .  of  c h l o r o p h y l l  a  and m e t h y l c h l o r o p h y l l i d e  i n  
E t O H  and of  c h l o r o p h y l l i n  i n  MeOH upon ruby l a s e r  e x c i t a t i o n .  The l i f e -  
t ime of t h e  emiss ion  was 0 . 1  msec. a t  25O, and no emiss ion  was s e e n  a t  
a t  -196O, The band is  r e d - s h i f t e d  wi th  r e s p e c t  t o  tire 430=ny, S a r o t  
band and i n  b e l i e v e d  to be emission from s;, t h e  2nd e x c i t e d  s i n g l e t .  
The absence of such a n  e m i s s i o n  i n  s o l n s .  of ph tha locyan ine  ( I ) ,  w i t h  o r  
w i t h o u t  Mg, r u l e s  o u t  a  mechanism of r a d i a t i v e  recombina t ion  of  i o n s  o r  
i o n  r a d i c a l s  a r i s i n g  from i n t e r a c t i o n  w i t h  t h e  s o l v e n t .  A d i f f u s i o n -  
c o n t r o l l e d  t r i p l e t - t r i p l e t  a n n i h i l a t i o n  l e a d i n g  t o  S; seems more l i k e l y ,  
a l t h o u g h  t h e  absence of  0  quenching cannot  be e x p l a i n e d .  The t r i p l e t  
l e v e l  i n  I i s  known t o  be l e s s  than  h a l f  t h a t  o f  s;. 

Kok, Besse l  and Hock, George 12 
CA 55-13485f (1961) 

S p e c t r a l  changes i n  p h o t o s y n t h e s i s .  (Research I n s t .  f o r  Advanced 
S t u d i e s ,  Ba l t imore ,  Md.). I b i d .  397-416. I N :  Symposium o n  L i g h t  and 
L i f e ,  Johns  Hopkins U n i v e r s i t y ,  1960, L i g h t  and L i f e :  p roceed ings .  
E d i t e d  by Wil l iam D. McElroy and Bent ley  Glass .  (Johns Hopkins Uni- 
v e r s i t y .  McCollum-Pratt ~ n s t i t u ' t e .  C o n t r i b u t i o n  No. 302).  

Absorp t ion  s p e c t r a  of  r i b o f l a v i n e ,  l u m i f l a v i n e ,  and lumichrome i n  
o r g a n i c  s o l v e n t s  . ( C e n t r a l  Res . I n s t .  Food Ind .  , Prague) . E x p e r i e n t i a  
21 ( 4 ) ,  189-90 (1965) (Eng) . During e x t e n s i v e  i n v e s t i g a t i o n s  made t o  
d e t .  t h e  e f f e c t  of o r g .  s o l v e n t s  on f l u o r e s c e n c e  e m i s s i o n  and absorp-  
t i o n  s p e c t r a ,  i t  was found t h a t  r i b o f l a v i n e  ( I )  i n  a b s .  EtOH, a c e t o n e ,  
and 1, 4-dioxane m i x t s .  w i t h  w a t e r  and lu rn i f l av ine  (11) i n  pure  s o l -  
v e n t s  photodecompd. more r a p i d l y  when i l l u m i n a t e d  w i t h  v i s i b l e  l i g h t  
t h a n  i n  aq .  s o l n s .  Lumichrome (111) was a  p roduc t  of photodecompn. 
The a b s o r p t i o n  s p e c t r a  of  the  3 compds. i n  t h e s e  mentioned s o l v e n t s  
showed t h a t  t h e  p h o t o l a b i l i t y  i n c r e a s e d  a s  a  r e s u l t  of a  d e c r e a s e  of  
d i s s o c n .  and a s s o c n .  degree  of  I ,  11, and I11 w i t h  s o l v e n t  mols.  Com- 
pa red  t o  t h e  s p e c t r a  of  t h e s e  compds. i n  aq .  s o l n s . ,  s i g n i f i c a n t  
s h i f t s  of  near-uv max. were noted a s  the  r e s u l t  of  s o l v e n t  p o l a r i t y ,  

- and f o r  I and 11, a  d e c r e a s e  o f  absorbency i n  t h i s  max. occur red  a s  
t h e  r e s u l t  o f  s o l v e n t  a s socn .  I11 a l s o  showed a  new max. a t  248 my 
and i n c r e a s e d  absorbency a t  the  l o n g e s t  wavelength  max. 



K o z i o l ,  Jacek  

S t u d i e s  on f l a v i n e s  i n  o r g a n i c  s o l v e n t s .  I .  S p e c t r a l  c h a r a c t e r i s t i c s  
of  r i b o f l a v i n e , r i b o f l a v i n e  t e t r a b u t y r a t e ,  and lumichrome. ( C e n t r a l  
~ e s .  I n s t .  Food I n d . ,  Prague) .  Photochem. P h o t o b i o l .  5 ( I ) ,  41-54 
(1966)(Eng).  The a b s o r p t i o n  and f l u o r e s c e n c e  s p e c t r a  of  r i b o f l a v i n e  
( I ) ,  r i b o f l a v i n e  t e t r a b u t y r a t e  (11) , and lumichrome (111) were d e t d .  
i n  H20, E t O H ,  Me2C0, dioxane , p y r i d i n e  , AcOH, and cyclohexane-dioxane 
m i x t s .  The changes observed i n  t h e  a b s o r p t i o n  s p e c t r a  were d i s c u s s e d  
i n  terms of  H-bonding e f f e c t s  and i n t r a m o l .  cha rge  t r a n s f e r  complexes. 
Changes i n  t h e  f l u o r e s c e n c e  s p e c t r a  were l e s s  o b v i o u s ;  i n  t h e  c a s e  o f  
11, m i r r o r  symmetry t o  t h e  shape of  t h e  l o n g e s t  wavelength  max. was 
s e e n  i n  low-polar s o l v e n t s .  F luorescence  quantum y i e l d s  were  g r e a t e r  
i n  s o l v e n t s  of  lower p o l a r i t y  and a l s o  g r e a t e r  f o r  I1 t h a n  f o r  I .  
For  I11 t h e r e  was a  s h i f t  o f  t h e  f l u o r e s c e n c e  max, towards longer  wave- 
l e n g t h s  w i t h  i n c r e a s i n g  p o l a r i t y  o f  t h e  s o l v e n t ,  

K o z i o l ,  J a c e k  

S t u d i e s  on f l a v i n e s  i n  o r g a n i c  s o l v e n t s .  11. Photodecomposit ion of 
r i b o f l a v i n e  i n  t h e  p resence  of  oxygen. ( C e n t r a l  Res. I n s t .  Food I n d . ,  
P rague) .  Photochem. P h o t o b i o l .  5  ( I ) ,  55-62 (1966) (Eng) ; c f .  preced-  
i n g  a b s t r .  Pho todegrada t ion  o f  r i b o f l a v i n e  ( I )  by 436 mp monochro- 
m a t i c  l i g h t  and of  lumichrome (11) by w h i t e  n o n - f i l t e r e d  l i g h t  was 
s t u d i e d  i n  H20, EtOH, Me2C0, dioxane, ,&ridine and AcOH i n  t h e  p resence  
of atm. 0 .  I and I1 were s t a b i l i z e d  by H-bonding w i t h  s o l v e n t  mols. 
and were  t h u s  most l i g h t - s t a b l e  i n  H 2 0  s o l n s .  The o v e r a l l  scheme of 
p h o t o l y s i s  o f  I i n  o rg .  s o l v e n t s  was t h e  same .as  i n  aq .  s o l n s . ;  I1 was 
the  main p roduc t  of p h o t o l y s i s  of  I i n  o r g .  s o l v e n t s .  

Koz io l ,  Jacek  and Knobloch, Eduard 

The s o l v e n t  e f f e c t  on t h e  f l u o r e s c e n c e  and l i g h t  a b s o r p t i o n  of r i b o -  
f l a v i n e  and l u m i f l a v i n e .  ( C e n t r a l  Res. I n s t .  Food. I n d . ,  ~ r a g u e ) .  
Biochim. Biophys.  Acta  102 (1) , 289-300 (1965) (Eng) . Changes i n  
f l u o r e s c e n c e  i n t e n s i t y  of  r i b o f  l a v i n e  and lumif l a v i n e  w i t h  t h e  n a t u r e  
of  the  s o l v e n t  were s t u d i e d .  A s e r i e s  o f  m i x t s .  o f  EtOH, a c e t o n e ,  
and dioxane w i t h  w a t e r  was used a s  s o l v e n t s .  Changes i n  a b s o r p t i o n  
and f l u o r e s c e n c e  s p e c t r a  e x p r e s s e d  a s  t r a n s i t i o n  e n e r g i e s ,  a p p a r e n t  
a b s o r p t i o n  c o e f f s .  and quantum y i e l d s  of  f l u o r e s c e n c e  were c o r r e l a t e d  
w i t h  each o t h e r ,  w i t h  d i e l e c .  c o n s t s .  , and w i t h  the  Z-va lues  expres -  
s i n g  s o l v e n t  p o l a r i t y  of  t h e  s o l v e n t  m i x t s ,  used.  Rough l i n e a r i t y  was 
observed f o r  a 1 1  p a r a m e t e r s ,  e x c e p t  d i e l e c .  c o n s t s . ,  f o r  f l a v i n e  s o l n s .  



con tg .  5 90% of  o r g .  s o l v e n t .  I n  r i b o f l a v i n e  s o l n s .  con tg .  h i g h e r  
concns.  of o rg .  s o l v e n t s  d e v i a t i o n s  from l i n e a r i t y  were observed.  
The p o s s i b i l i t y  i s  d i s c u s s e d ,  t h a t  i n  h i g h e r  c o m n s .  o f  o rg .  
s o l v e n t s  r e l a t i v e  measurements a c c e p t e d  do n o t  a d e q u a t e l y  r e f l e c t  
changes i n  f l a v i n e  mols.  I n  s o l v e n t  m i x t s .  of  lowes t  p o l a r i t y  r i b o -  
f l a v i n e  and ,  t o  a  g r e a t e r  e x t e n t ,  l u m i f l a v i n e  were photodecompd. much 
f a s t e r  t h a n  i n  a q .  s o l n s .  I t  i s  sugges ted  t h a t  t h e  d e c r e a s e  of t h e  
s t a b i l i t y  n f  f l a v i n e  mols. i s  s s u s e d  by lower ing of the  degree a f  
assocn .  w i t h  w a t e r  mols . ,  and by a  secondary p o l a r i t y  e f f e c t  on the  
e l e c t r o n  sys tem o f  l i g h t - e x c i t e d  f l a v i n e  mols. 

K r a s n o v s k i i ,  A .  A . ,  Nesterovskaya,  E. A .  
and ~ o l ' d e n b e r g ,  A .  B ,  

S p e c t r o s c o p i c  s t u d i e s  o f  t h e  composi t ion of c h l o r o p h y l l  i n  r e d  a l g a e  
phylophora .  (A. N .  Bakh Biochem. l n s t .  Acad. S c i . ,  U.S.S.R., Moscow) 
B i o f i z i k a  1, 328-33 (1956). K i r i l l o v ' s  (Monography, Moscow (1954)) 
app.  was used f o r  s p e c t r o p h o t o m e t r i c  measurements.  The s t u d i e s  were 
c a r r i e d  o u t  w i t h  l e a v e s  o f  t h e  a l g a e  and the  s o l n s .  o f  t h e  pigments 
i n  80% a c e  tone and MeOH a t  room temp. , 4 0 ,  60, and 80'. The a l g a e  
were c o l l e c t e d  from the  d e p t h  of  20-5 m. o f  s e a ,  from May t o  January .  
The 3  max. o f  a b s o r p t i o n  were found a t  670, 675-8, and 685-90 mp. The 
r e l a t i v e  i n t e n s i t y  o f  above a b s o r p t i o n  v a r i e d  w i t h  t h e  s e a s o n s .  I n  
t h e  s p r i n g ,  t o g e t h e r  w i t h  t h e  g r e a t e r  max, a t  675-8 mp, i s  p r e s e n t  a l s o  
max. a t  690 mp. I n  t h e  f a l l  both  max. were moved t o  675-85 mp. The 
h e a t i n g  (5-15 min.)  of  a l g a e  t o  60 and 80' produced the  moving of  t h e  
rnax. t o  671-2 mp. The s o l n s .  o f  c h l o r o p h y l l  ( con tg .  b o t h  g reen  and 
yel low pigments)  i n  80% a c e t o n e  and MeOH from t h e s e  a l g a e  gave o n l y  
max. of  a b s o r p t i o n  a t  664 my, co r respond ing  t o  c h l o r o p h y l l  a .  Judged 
by t h e  p r e v i o u s  s t u d i e s  t h e  p resence  o f  above 3 max. of  a b s o r p t i o n  
depends on v a r i a t i o n s  i n  the  degree  of  p o l y m e r i z a t i o n  of c h l o r o p h y l l  
i n  t h e s e  a l g a e .  

K r a s n o v s k i i ,  A .  A .  

Photochemis t ry  and spec t roscopy  of  c h l o r o p h y l l ,  b a c t e r i o c h l o r o p h y l l ,  
. and b a c t e r i o v i r i d i n  i n  model systems and p h o t o s y n t h e s i z i n g  organisms.  

(Acad. S c i .  U.S.S.R., Moscow). Photochem. P h o t o b i o l .  4  ( 4 ) ,  641-55 
(1965) (Eng). A r ev iew w i t h  67 r e f e r e n c e s  i n  which e l e c t r o n  and energy  
t r a n s f e r  i n  pho toprocesses  i s  d i s c u s s e d .  



K r a s n o v s k i i ,  A .  and Paksh ina ,  E. V. 

A comparat ive  s t u d y  of fo rmat ion  o f  pheophy t ins  from c h l o r o p h y l l  and 
- i t s  a n a l o g s  i n  t h e  dark  and i n  l i g h t .  (A. N .  Bakh Biochem. I n s t . ,  
Moscow). Dokl. Akad, Nauk SSSR 148, 935-8 (1963).  Pho topheophyt in i -  
z a t i o n  t a k e s  p l a c e  through a n  i n t e r m e d i a t e  f o r m a t i o n  of l a b i l e  photo-  
r e d u c e d  praduct-w anJ i n v a l v u ~  t h e  exa ieed  trtrsts. Q L  ahloraphyll up i t s  
a n a l o g s  which r e a c t  w i t h  (C02H)* o r  s o l v e n t  mols . ,  which a c t  a s  p r o t o n  
donors .  Pheophyt in  i s  t h e  end p r o d u c t  o f  a  s t a b l e  type ,  a l t h o u g h  t h e  
r e a c t i o n  sequence i s  p r o p e r l y  r e v e r s i b l e .  The r e s u l t s  were  deduced 
from examn. of a b s o r p t i o n  s p e c t r a  o f  sys tems o f  c h l o r o p h y l l s  a  and b ,  
b a c t e r i o v i r i d i n ,  p r o t o c h l o r o p h y l l ,  and b a c t e r i o c h l o r o p h y l l  i n  photo- 
chem. r e a c t i o n s  i n  a q .  Me2CO o r  a q .  p y r i d i n e  i n  t h e  p r e s e n c e  of  e i t h e r  
(C02H)z o r  HC1.  Naphthacene i n h i b i t e d  the  r e a c t i o n  i n  a q .  p y r i d i n e  i n  
t h e  p resence  o f  HC1. A v e r y  r a p i d  r e a c t i o n  i n  p y r i d i n e  was observed 
o n l y  i n  t h e  c a s e  of  b a c t e r i o v i r i d i n ;  t h e  r a t e  of Mg rep lacement  i n  t h i s  
pigment was t h e  same i n  t h e  d a r k  a s  i n  l i g h t ,  I n  o t h e r  p igments ,  t h e  
r e a c t i o n  was d e f i n i t e l y  s t i m u l a t e d  by l i g h t ,  

K r a s n o v s k i i ,  A .  A . ,  Bys t rova ,  M. I .  
and Paksh ina ,  E .  V.  

E f f e c t  o f  magnesium atom i n  t h e  pigment molecule  on t h e  s p e c t r a l  -- 
p r o p e r t i e s  of  aggrega ted  forms o f  c h l o r o p h y l l  a n a l o g s .  (A. N. Bakh 
Biochem. I n s t . ,  MOSCOW); Dokl. Akad. Nauk SSSR 167 ( 3 ) ,  691-4 (1966) 
(Russ) . S p e c t r a  were r e p o r t e d  f o r  a g g r e g a t e d  forms of  b a c t e r i o v i r i d i n  
and i t s  Mg-free a n a l o g  i n  s o l i d  f i l m s  and i n  b a c t e r i a l  c e l l s ,  i n  com- 
p a r i s o n  w i t h  a g g r e g a t e d  forms o f  o t h e r  pigments ( , ch lo rophy l l s  a  and b ,  
pheophyt ins  a  and b ) .  The a g g r e g a t e d  forms o f  pigments w i t h  bands i n  
t h e  740-750 r e g i o n  a r e  c h a r a c t e r i z e d  by i n t e r m o l .  i n t e r a c t i o n  of  t h e  
c e n t r a l  Mg atom. The 6 9 0 - q ~  form of b a c t e r i o v i r i d i n  a p p e a r s  t o  have a 
d i f f e r e n t  form o f  i n t e r m o l .  bonding,  t h e  n a t u r e  o f  which is n o t  known. 

K r a s n o v s k i i ,  A .  A. and Drozdova, N .  N .  

A comparat ive  s t u d y  of t h e  quenching o f  the f l u o r e s c e n c e  of  c h l o r o p h y l l  
' and i t s  a n a l o g s ;  a c t i o n  of  c a r o t e n e  on the:,quenching e f f e c t .  (A. N. 
Bakh Biochem. I n s t . ,  Moscow), Dokl. Akad. Nauk SSSR 166 (1 ) .  223-6 . , -  

(1966) (Russ) . Quenching of  the  f l u o r e s c e n c e  of  c h l o r o p h y l l ,  pheophy- 
t i n ,  p r o t o c h l o r o p h y l l ,  b a c t e r i o c h l o r o p h y l l ,  and b a c t e r i o v i r i d i n  was 
examd. i n  t h e  p resence  of 0 and p-benzoquinone. The quenching e f f e c t  
d i d  n o t  co r respond  t o  the  degree  or  t h e  r a t e  o f  photochem. r e a c t i o n  
between t h e s e  r e a c t a n t s .  Pheophyt in  f l u o r e s c e n c e  was s t r o n g l y  quenched 



by 0 ,  a l t h o u g h  t h i s  pigment i s  v e r y  d i f f i c u l t  t o  o x i d i z e  by 0 ,  and 
t h i s  quenching was g r e a t e r  than  t h a t  observed w i t h  t h e  e a s i l y  o x i d i z e d  
b a c t e r i o c h l o r o p h y l l .  A c o r r e l a t i o n  must  t h u s  be sough t  between quench- 
i n g  and t h e  p r imary ,  r a p i d l y  r e v e r s i b l e  photochem. p r o c e s s e s .  Carotene 
p a r t i a l l y  i n h i b i t e d  t h e  quenching e f f e c t  o f  0  and p-benzoquinone. 

I< rasnovsk i i ,  A .  A . ,  E rokh in ,  Yu. E. 15,  1 7 ,  12 
and Hung, Yu-Chiung rC CA 57-3857d (1962) 

F l u o r e s c e n c e  of  aggrega ted  forms o f  b a c t e r i o c h l o r o p h y l l ,  b a c t e r i o -  
v i r i d i n ,  and c h l o r o p h y l l  i n  c o n n e c t i o n  w i t h  t h e  s t a t e  o f  t h e  pigments 
i n  p h o t o s y n t h e s i z i n g  organisms.  (A. N. Bakh Biochem. I n s t . ,  Moscow). 
Dokl. Akad. Naulc SSSR 143, 456-9 (1962);  c f .  CA 55 ,  11558a. F l u o r e s -  
cence s p e c t r a  a r e  reproduced f o r  specimens o f :  b a c t e r i o c h l o r o p h y l l  i n  
a  f i l m  and i n  Rhodopseudomonas, p a l u s t r i s  c u l t u r e  a t  v a r i o u s  temps. f o r  
b a c t e r i o v i r i d i n  i n  s o l i d  f i l m  'and i n  Chlorobium c u l t u r e ,  and f o r  a  
c h l o r o p h y l l  f i l m  and a  t y p i c a l  g r e e n  l e a f  of  t h e  bean p l a n t  f o r  r e f e r -  
ence.  The q u a s i c r y s t a l l i n e  dense ly  packed b a c t e r i o c h l o r o p h y l l  showed 
weak luminescence a t  850-90 mp, a t  20°, w h i l e  a t  -196' the  luminescence 
was much s t r o n g e r  w i t h  a  s h i f t  t o  910-20 mp,. Adsorba te  on s u c r o s e  
f l u o r e s c e d  weakly a t  810 and 880 mp,, a t  room temp., w h i l e  a t  -196O 
h i g h  i n t e n s i t i e s  appeared  a t  820 and 915 mp,, r e s p .  B a c t e r i o v i r i d i n  
had weak luminescence i n  f i l m  form a t  20' (780-90 mp) b u t  i n t e n s e  
e f f e c t  a t  -196' (805-10 mp) ; i t s  c o l l o i d a l  s o l n s .  o r  s u c r o s e  a d s o r b a t e s  
f l u o r e s c e  a t  780-90 mp, a t  room temp. o r  780-800 mp, a t  -196'. The r e -  
s u l t s  i n d i c a t e  t h a t  a d e f i n i t e  type  o f  packing of  a g g r e g a t e d  pigments 
i s  r e s p o n s i b l e  f o r  a  s p e c i f i c  type  of  luminescence.  I n  c a s e  o f  c h l o r o -  
p h y l l  t h e  f l u o r e s c e n c e  max. a t  810-5 mp, s e e n  i n  normal l e a v e s  a l s o  
e x i s t s  i n  f i l m s  of  t h e  pigment b u t  n o t  i n  d i l .  s o l n s .  The s t r u c t u r a l  
p e c u l i a r i t i e s  o f  t h e  aggrega ted  pigments may be' r e l a t e d  t o  t h e  g e n e r a l  
problem of  e x i s t e n c e  of  p h o t o s y n t h e t i c  a c t i v i t y  i n  p l a n t s .  

Krav t sov ,  L. A .  

O p t i c a l  p r o p e r t i e s  o f  c h l o r o p h y l l  and pheophy t in  a t  low t e m p e r a t u r e s .  
I z v e s t .  Akad. Nauk S.S.S.R.,  S e r .  F i z .  24 ,  610-12 (1960)-  The absorp-  
t i o n  and luminescence s p e c t r a  o f  s o l n s .  o f  c h l o r o p h y l l  a  and pheophy- 
t i n  a  i n  iso-Bu0H and p e t r .  e t h e r  were  measured ( f r o z e n )  a t  20 t o  
- l O O O .  A l l  measurements were made i n  t h e  r e d  band. A t  lower temp. 
-the bands g e t  narrower and t h e  a b s o r p t i o n  and luminescence peaks  move 
towards one a n o t h e r .  The r e l a t i v e  y i e l d  d e c r e a s e s  w i t h  d e c r e a s i n g  
temp. i n  c h l o r o p h y l l  a and i n  pheophy t in  a  i n  p e t r .  e t h e r  s o l n . ;  t h i s  
i n d i c a t e s  a n  a g g r e g a t i o n  t o  some nonluminescing compd. 



Kreuczberger ,  A,lfred and K a l t e r ,  Paul A .  14 ,  7 
CA 56-11541b (1962) 

I n f r a r e d  s t u d i e s  on p y r r o l e s .  The s t r u c t u r e  of 2 ,  5 -d iphenylpyr ro le -  
3-dlazonlum chloride. (Ford Motor Co., Dearborn,  Mich.) .  J. Phys. 
Chem. 65, 624-8 (1961).  The i n f r a r e d  s p e c t r a  of p y r r o l e ,  2 ,  5- 
d i m e t h y l p y r r o l e ,  2 ,  5 - d i p h e n y l p y r r o l e ,  1 -methy lpyr ro le ,  and 1- 
phenylpyr ro le  were measured a t  4009-670 cm" , and the  c ~ r r e l a  t i e n s  o f  
t h e  a b s o r p t i o n  bands t o  t h e  v i b r a t i o n a l  e lements  were d e t d .  On the  
b a s i s  of t h e s e  s p e c t r a  3-diazo-2,  5 -d iphenylpyr ro le  (I) was shown t o  
be a  resonance  h y b r i d .  The s t r u c t u r e  of I . H C 1  was shown t o  be 2 ,  5- 
d iphenylpyrrole-3-diazonium c h l o r i d e .  

Kudo, S h u j i  and Iwamoto, H i s a i c h i  

y-Ray i r r a d i a t i o n  e f f e c t s  on porphyr in  compounds. A geochemical  s tudy  
r e l a t e d  t o  t h e  o r i g i n  of petroleum. (Sekiyu Shigen Kaiha t su  Co., 
Tokyo). Selciyu G i  j u t s u  Icyokai-shi 29 (6) , 262-7 (1964) ( Japan) .  Cu 
c h l o r o p h y l l i n  Na s a l t  ( I ) ,  10-100 mg., i n  20 m l .  g l a s s  ampuls, were 
i r r a d i a t e d  by 6 0 ~ o  y-rays o f  10,000 c .  The e f f e c t s  o f  H20, aq .  NaC1, 
and rock  powder suspended i n  aq.  NaCl were examd. by adding them i n t o  
t h e  ampuls.  The changes of t h e  I concn, were measured by the  absorb-  
ance a t  650 mp and t h e  r e a c t i o n  r a t i o s  were c a l c d .  The d e s a l t i n g  of 
I by y-ray i r r a d i a t i o n  i s  a  1 s t - o r d e r  r e a c t i o n  o f  t h e  r a d i a t i o n  dose.  
I n  d ( 1 - x ) / d r  = k - ( 1 - x ) ,  where x  i s  the  r e a c t i o n  r a t i o ,  and r i s  t h e  
amt. o f  r a d i a t i o n ,  t h e  r e a c t i o n  c o e f f . ,  k ,  was c a l c d .  t o  be 0.52 x  10-8. 
The v a l u e s  o f  k  were l a r g e r ,  when I was i n  H20 o r  aq.  NaCL, e s p . ,  when 
the  rock  powders were  suspended i n  the  soln: The g a s e s  formed were 
ana lyzed  by gas  chromatography on squa lene ,  S i O 2 , g e l ,  and mol. s i e v e  
columns, and  H ,  0 ,  N ,  C02, CH4, C2H4, C2H6, and C3H8 were found. The 
r e s u l t s  were d i s c u s s e d  from the  geochem. p o i n t  o f  view. 

Kuhn, Hans 

A quantum-mechanical theory  o f  l i g h t  a b s o r ~ t i o n  of o r g a n i c  dves and 
s i m i l a r  compounds. (Univ. B a s e l ,  S w i t z . ) .  J. Chem. Phys. 17, 1198- 
1212 (1949). See CA 44,  433e. 



Kuhn, Werner 

The a b s o r p t i o n  spectrum of  polyenes .  Helv. Chim. Acta  31,  1780-99 
(1948) ( i n  German). Based on the  theory  of equ iv .  r e s o n a t o r s  f o r  the  
atoms o r  atom groups ,  a  s imple  model i s  developed f o r  polyenes  w i t h  
n  con juga ted  double bonds, whose spectrum can be c a l c d .  from t h e  
f requency of t h e  iso1,ated e t h y l e n e  a b s o r p t i o n  band as we11 as a s i n -  
g l e  c h a r a c t e r i s t i c  c o n s t .  f o r  t h e  coup l ing .  Calcn.  of t h e  l o n g e s t  
wave a b s o r  t i o n  band of  a  sys tem,  from v, = 1 .91  x 1015(1 - 0.992 cos e/  2 ( n x / n  + l ) )  where x = 1 a g r e e s  w i t h  t h e  e x p t l ,  r e s u l t s  f o r  t h e  
c a r o t e n o i d s .  The i n t e n s i t y  i n c r e a s e s  p r o p o r t i o n a l l y  w i t h  n. For  
shor ter-wave v i b r a t i o n s  x = s  and t h e  i n t e n s i t y  i s  v e r y  much s m a l l e r .  
The numerical  v a l u e  o f  t h e  coup l ing  c o e f f .  i s  s o  l a r g e  t h a t  a n  i n -  
c r e a s e  o f  10% would l e a d  t o  a f r e e  d i sp lacement  o f  t h e  e l e c t r o n s  i n  t h e  
c h a i n ,  and H. Kuhn's e l e c t r o n  gas  model ( c f ,  p reced ing  a b s t r a c t ) .  

Lang, L a s z l o ,  ed  

A b s o r p t i o n s s p e k t r e n  i m  u l t r a v i o l e t t e n  und i m  s i c h t b a r e n  Bereich.  
Budapest:  ~ k a d h m i a i  Kiadd. 1959. 499 pp. 

La t imer ,  Paul  and Rabinowitch,  Eugene I. 1 3  
CA 52-10303b (1958) 

S e l e c t i v e  s c a t t e r i n g  of l i g h t  bv p i g m e n k c  
(Univ. o f  I l l i n o i s ,  Urbaha).  100-6; c f .  CA 50, 6595b. Discuss ion  
and 7  r e f e r e n c e s .  

Lemberg, R .  D . ,  M o r r e l l ,  D. B . ,  Newton, N.  1, 9 ,  5  
and  hagan an, J. E. 

Haem a  Compounds a s  Models f o r  Cytochromes of Group a .  I .  Absorp t ion  
S p e c t r a  of Haem a  Compounds w i t h  P r o t e i n s  and o t h e r  Nitrovenous 
Ligands .  Proc.  Roy. Soc. (London), S e r .  B ,  155 (1961) p .  339, 

.--- 
i 

J 

Lemberg, R .  and Mansley, G .  E. , 

i s o s b e s t i c  p o i n t s  of cvtochrome a  and a ? .  ( I n s t .  Ned. Res. Rov. North 
Shore Hosp. , Sydney). B i o ~ h i m .  ~ i o ~ h ~ s -  AC t a  96 (2) , 187-94 6 9 6 5 )  
(Eng); c f ,  CA 60, 12286h, F e r r i c  cytochrome a  i s  reduced much f a s t e r  



by d i t h i o n i t e  than i s  f e r r i c  cytochrome a 3 ,  Th is  h a s  made i t  p o s s i b l e  
t o  d i f f e r e n t i a t e  between t h e  2 c y t o c h r o p s  by t h e  f e r r i c - f e r r o u s  
i s o s b e s t i c  p o i n t s  of t h e i r  a b s o r p t i o n / k u r v e s  i n  the  r e g i o n  o f  t h e  y 
(Sore t )  band, The 2 i s o s b e s t i c  p o i n t s  o f  cytochrome a were found a t  
a b o u t  436 and 461 my, those  o f  cytochrome a a t  428 and 466 my, w h i l e  3 
t h e i r  m i x t ,  (cytochrome ox idase )  h a s  i s o s b e s t i c  p o i n t s  a t  432 and 463 
my. The f i n d i n g s  a r e  i n  harmony w i t h  t h e  assumption t h a t  t h e  molar 
rakia aK the !2 cyeuchrancs L s  1 : L  and canfirm thsk cytoehrorne oxidase 
c o n t a i n s  2 cytochromes,  a and a 3 .  

Lemberg, R. 

Porphyr ins  i n  n a t u r e .  (Roy. North  Shore Hosp., S t .  Leonards,  Sydney). 
I b i d .  229-349. The p t e r i d i n e s .  A d r i e n  A l b e r t  ( A u s t r a l i a n  N a t l .  Univ., 
Canber ra ) .  I b i d .  350-403. Reviews w i t h  many r e f e r e n c e s ,  c f ,  CA 47 ,  
3370i .  

Lemberg, R.  and F a l k ,  J. E. 

Comparison of hem a ,  the  d i c h r o i c  hem of h e a r t  muscle ,  and o f  porphyr in  
a w i t h  compounds of known s t r u c t u r e .  (Roy. North Shore Hosp., Sydney, 
A u s t r a l i a ) .  Biochem. J. 49,  674-83 (1951). Three t y p e s  ( e t i o ,  rhodo, 
and oxorhodo) o f  a b s o r p t i o n  s p e c t r a  o f  porphyr ins  i n  t h e  v i s u a l  r e g i o n  
( n e u t r a l  s o l v e n t s )  have been d e s c r i b e d .  

Lemberg, R .  and S t e w a r t ,  M. 13 ,  2 

Porphyr ins  w i t h  Formyl Groups V I :  P u r i f i c a t i o n  and P r o p e r t i e s  of 
Porphyr in  a .  A u s t r a l i a n  J o u r n a l  of Exper imental  Biology and Medical 
S c i e n c e ,  Vol. 33 (1955))  p. 451-481. 

Lemberg, R . ,  F a l k ,  Y. E. ,  Rawlinson, W. A, 9 ,  2,  1 3  
Hale ,  J, H, and Rimington, C ,  

1 s t  I n t e r n a t i o n a l  Congress o f  Biochemis t ry ,  Cambridge (1949),  p. 351-2. 

Lemberg, R .  and P a r k e r ,  J .  2, 11 

Biology and Medical  Sc ience ,  Vol. 30 (1952) ,  p ,  163-175, 



Lemberg, R . ,  Clezy,  P. and B a r r e t t ,  J. 2 ,  11 

2 
Haematin Enzymes, Vol. 19 P a r t  1 (1959) p.  344-357, Pergamon P r e s s .  

L e s t e r ,  G .  R. 

E l e c t r o n i c  a s p e c t s  of t h e  s t r u c t u r e  and mass s p e c t r a  o f  l a r g e  r i n g  
systems.  (Imp. Chem. Inds .  L t d . ,  Manchester ,  Eng l . ) .  Mass Spectrome- 
t r y ,  NATO Advan. Study I n s t . ,  Glasgow 1964, 153-81 (Pub. 1965) (Eng). 
E l e c t r o n  impact p r o c e s s e s  and t r a n s i t i o n  p r o b a b i l i t i e s ,  s t a b i l i t y  
c r i t e r i a  f o r  r i n g  systems and t h e i r  i o n i z e d  forms,  mechanisms f o r  
m u l t i p l e  i o n i z a t i o n ,  m e t a s t a b l e  t r a n s i t i o n s ,  e l e c t r o n i c  s t a t e s  o f  
m u l t i p l y  charged i o n s ,  and c o n f i g u r a t i o n  i n t e r a c t i o n  e f f e c t s  i n  m u l t i -  
p l e  e x c i t a t i o n  p r o c e s s e s  i n  ph tha locyan ines  a r e  reviewed. 20 
r e f e r e n c e s .  

Levi  , Ge'orges 

Abso lu te  i n t e n s i t y  o f  the  i n f r a r e d  a b s o r p t i o n  o f  p y r r o l e  i n  t h e  vapor 
phase  and i n  s o l u t i o n .  (Fac. S c i . ,  P a r i s ) .  Compt. Rend., Se r .  A ,  B  
263B (7), 493-5 (1966) ( F r ) .  The a b s .  i n t e n s i t y  o f  the  v(NH) band of  
p y r r o l e  i n  t h e  vapor phase and i n  s o l n .  i n  a  s e r i e s  of p o l a r  and non- 
p o l a r  s o l v e n t s  was measured. The l i n e a r  r e l a t i o n  between t h e  abs .  
i n t e n s i t y  of t h e  u(NH) and t h e  d i e l e c .  c o n s t .  and n  o f  the  s o l v e n t  
conf i rms  t h e  t h e o r y  o f  Buckingham ( k o c .  Roy. Soc,  (London) A248, 
169 (1958). 

L i n n e l ,  Rober t  H .  

. (Na t l .  S c i .  Found. , 
Washington, D.C.). J. Chem. Phys. 4 1  ( l o ) ,  3274-6 (1964). D i l .  CC14 
s o l n s .  (- 0.001M) of p y r r o l e  show a n  i r  a b s o r p t i o n  a t  3480 cm'l on 
t h e  s i d e  o f  t h e  3498-cm-1 fundamental  N-H s t r e t c h .  The 3480-cm'l 
a b s o r p t i o n  i n c r e a s e s  a s  the  temp. i n c r e a s e s  and the  3498-cm'l d e c r e a s e s  
w i t h  i n c r e a s i n g  temp. A p l o t  of i n  (a3480{A3498) vs 1/T y i e l d s  a  
s t r a i g h t  l i n e ;  from t h e  s l o p e ,  5 2 4 0 0  cm , which i s  i d e n t i f i e d  w i t h  
the  N-H ou t -o f -p lane  deformat ion (503 cm-I i n  non-H-bonded p y r r o l e ) .  



L i n s h i t z ,  Henry 

, (Brandeis  
Univ . ,  Waltham, Mass.) .  I b i d .  182-95. 

t i n s h i t z ,  H. and Weissman, S s  I. 16 ,  317 

Search  f o r  Paramagnet ic  Resonance A b s o r p t i o n  i n  Photoreduced 
Chlorophy l l .  

L i t v i n ,  F. F. and Sineshchekov,  V.  A. 

The n a t u r e  of  t h e  long  wave form of c h l o r o p h y l l  i n  p h o t o s y n t h e t i c  
organisms.  Molekul. B i o f i z . ,  Akad. Nauk SSSR, I n s t .  B i o l .  F i z . ,  Sb. 
S t a t e i  1965, 191-203 (Russ).  The s p e c t r a  o f  the  low temp. (-196') 
luminescence .of C h l o r e l l a  s u s p e n s i o n s ,  bean l e a v e s ,  and c h l o r o p h y l l  
f i l m s  were  measured a f t e r  monochromatic e x c i t a t i o n  i n  the  range 430- 
750 mk. S e v e r a l  d i s c r e t e  max, were o b t a i n e d  i n  t h e  range  670-825 mp. 
They a r e  c o n s i d e r e d  t o  be due t o  a g g r e g a t e s  o f  t h e  c h l o r o p h y l l  mols. 

L i t v i n ,  F. F. and 1 - ~ ' a n  Ho 

S p e c t r a  of a c t i o n  of  p h o t o s y n t h e s i s  and t h e  Emerson e f f e c t  i n  h i g h e r  
p l a n t s .  ( S t a t e  Univ . ,  Moscow). Dokl. Akad. Nauk SSSR 167 ( 5 ) ,  
1187-90 (1966) (Russ) . The a c t i o n  spect rum of  p h o t o s y n t h e s i s  was 
examd. i n  Elodea and had 4 max. a t  650, 480-500, 430,  and 650 mp,. 
The "red"  d e c l i n e  of quantum y i e l d  of p h o t o s y n t h e s i s  was found i n  t h e  
longer  wavelength  end o f  t h e  spect rum (685 mp) and reached  65-70%. 
With pigment accumula t ion  i n  e t i o l a t e d  l e a v e s ,  t h e  a c t i o n  spect rum 
changed by deve lop ing  a max. a t  670 mp, and s h o u l d e r s  a t  685 and 650 

mp. The Emerson e f f e c t  was observed by making use of  p roper  i n t e n s i -  
t i e s  of  r e d  (650 mp) and f a r  r e d  (717 mp) wavelengths  of  l i g h t ;  the  
Emerson e f f e c t  f o r  Elodea was some 60%. With monochromatic i l l u m i n a -  
t i o n ,  t h e  k i n e t i c s  of  0 e v o l u t i o n  showed a ve ry  dec ided  e f f e c t  on l i g h t  
wave leng th ;  w i t h  long wavelength  l i g h t  a l o n e ,  t h e  0 p r o d u c t i o n  curve  
does n o t  have a n  i n d u c t i o n  p e r i o d ;  t h a t  produced by l i g h t  i n  the  
v i c i n i t y  o f  650 mp, i s  s i m i l a r  t o  the  curve  produced by w h i t e  l i g h t .  
Repeated i l l u m i n a t i o n  w i t h  650-mp l i g h t  l e d  t o  smoothing o f  t h e  curves  
and s h o r t e n i n g  o f  t h e  i n d u c t i o n  p e r i o d .  L i g h t  w i t h  700 mp, o r  longer  
wavelengths  produced a neg. peak of  0 a b s o r p t i o n .  With bo th  r a p i d l y  
a l t e r n a t i n g  650-mp and 690-mp, wavelengths  o p e r a t i n g ,  the  p l a n t s  under-  
went a s e v e r e  redn .  of  3 p r o d u c t i o n ,  



L i t v i n ,  F. F., Gulyaev, B ,  A .  
and Sineshchekov, V .  A .  

( S t a t e  Univ. ,  Moscow). Dokl. Akad. Nauk SSSR 162 (5) , 1184-7 (1965) 
(Russ).  Absorp t ion  s p e c t r a  were r e p o r t e d  f o r  monolayers and f i l m s  o f  
t i t l e  p igments ,  @-caro tene  i n  monolayers gave a  spectrum i n  which 
eke  a b s o r p t i o n  w a s  s h i f t e d  toward longer  wavelengths  w i t h  predominance 
of t h e  520-mp max.; i n  s t o r e d  f i l m s  a new form of the  pigment was 
found; t h i s  absorbed i n  536-40 mp r e g i o n .  The s p e c t r a l  s h i f t  was 
e x p l a i n e d  by a  more dense ly  packed and a g g r e g a t e d  s t a t e .  Ch lorophyl l -  
c a r o t e n e  mix t s .  made i n t o  f i l m  gave a n  a d d i t i v e  spectrum o n l y  w i t h  
r e l a t i v e l y  l a r g e  excesses  o f  c a r o t e n e  ; a t  o t h e r  l e v e l s  t h e  spectrum 
had max. t h a t  were n o t  produced by f r e s h  monolayers o f  @-caro tene .  
With predominance of c h l o r o p h y l l ,  the  spectrum had a  s t r o n g  max. a t  
500-10 mp. Energy t r a n s f e r  between c a r o t e n e  and c h l o r o p h y l l  was 
s t u d i e d  by e x c i t a t i o n  of luminescence s p e c t r a  i n  mixed f i l m s ;  t r a n s f e r  
e f f i c i e n c y  of 40-50% was observed and a  s e n s i t i z a t i o n  e f f e c t  was found 
i n  t h a t  c a r o t e n e  s t i m u l a t e d  the  luminescence o f  c h l o r o p h y l l  i n  a  spec-  
trum t h a t  had t h e  same max. a s  produced by KijO0 form o f  c a r o t e n e .  
I l l u m i n a t i o n  o f  such mixed f i l m s  reduced t h e  i n t e n s i t y  o f  t h e  max. a t  
500 mp and 520 mp. Aggregated forms of  c h l o r o p h y l l  b  were d e t e c t e d  
i n  monolayers and f i l m s  of t h i s  pigment and t h e i r  s p e c t r a  were shown. 
The r e d  s h i f t  o f  t h e  spectrum of  t h e  long wavelength  forms o f  t h e s e  
pigments was exp la ined  by a g g r e g a t i o n  o r  po lymer iza t ion  of t h e  chromo- 
phores ,  many o f  which forms a r e  o b s e r v a b l e  i n  s o l n .  and a r e  e v i d e n t l y  
n o t  connected w i t h  t h e  monolayer s t r u c t u r e  a s  such.  

L i t v i n ,  F . ,  S ineschekov,  V .  A ,  14,  12,  17 
and Krasnovsk i i ,  A .  A .  CA 60-10974d (1964) 

Long-wave forms of  c h l o r o ~ h v l l  i n  ~ h o t o s v n t h e s i z i n g  organisms and - - 
a g g r e g a t e d  s t r u c t u r e s .  ( ~ t i t e  ~ n i ; .  , ~ o i c o w ) .  Dokl. Akad. Nauk 
SSSR 154 ( 2 ) ,  460-2 (1964).  Chlorophyl l  f i l m s  r e t a i n i n g  s m a l l  amts.  
of o r g .  s o l v e n t s  were s t u d i e d  s p e c t r o m e t r i c a l l y  a t  low temps. Gen- 
e r a l l y ,  low temp. caused i n c r e a s e d  i n t e n s i t y  t o  develop i n  t h e  longer  
wavelength  maxima and caused r e l a t i v e l y  l i t t l e  change i n  luminescence 
i n  t h e  s h o r t e r  wavelength  p a r t  of t h e  s p e c t r a .  These changes were 
s i m i l a r  t o  those  observed i n  n a t u r a l  forms o f  c h l o r o p h y l l  i n  C h l o r e l l a  
o r  g r e e n  l e a v e s  i n  s i t u ,  Thus, t h e  bands a t  682-5, 693-6, 720, 730, 
and 810-25 mp a r e  a s c r i b e d  t o  n a t u r a l l y  aggrega ted  forms of c h l o r o p h y l l .  



Litvin, F. F .  and  Personov, R .  I .  

F i n e  s t r u c t u r e  of a b s o r ~ t i o n  and f l u o r e s c e n c e  s ~ e c t r a  o f  oh tha locvan ine  

S p e k t r o s k o p i i ,  Alcad. Naulc SSSR, M a t e r i a l y  13-go P T r i n a d t s a t o g o l  - - 

S o v e s h c h . ,  Leningrad,  1960,1 ,  229-30 (pub. 1962) E x p t l .  d a t a  are 
$$van s r r  B b a a r p L l o n  and f luurescence  s p e c t r a  of phtha locyan ine  ( f r e e  
o f  m e t a l ) ,  Mg ph tha locyan ine ,  and p r o t o p o r p h y r i n  a t  77OK i n  n-octane 
s o l n s .  ( S h p o l ' s k i i ,  CA 54, 23838g). 

L i v i n g s  t o n ,  Rober t  

Photochemist ry  of c h l o r o p h v l l  i n  v i t r o .  (Univ. o f  Minnesota,  
Minneapol i s ) .  Pages 3-16. Discuss ion  and 7 r e f e r e n c e s .  

L i v i n g s t o n ,  R .  and McCartin, P. J .  17 ,  12 
CA 59-1215b (1963) 

Pho toreduc t ion  of c h l o r o p h y l l .  (Univ. o f  Minnesota,  Minneapol i s ) .  
J. Am. Chem. Soc. 85,  1571-3 (1963). The e f f i c i e n c y  of quenching of 
t h e  t r i p l e t  s t a t e  of c h l o r o p h y l l  a  by a s c o r b i c  a c i d  i n  p y r i d i n e  i n -  
c r e a s e s  w i t h  t h e  w a t e r  c o n t e n t  o f  t h e  s o l v e n t .  The bimol. quenching 
c o n s t .  i s  approx. 1 0 4 ~ - l  s e c -  f o r  d r y  p y r i d i n e ,  but  i n c r e a s e s  t o  
abou t  1 . 5  x lo5  M-I sec ' l  f o r  p y r i d i n e  con tg .  25% w a t e r .  The quench- 
i n g  of t h e  t r i p l e t  i s  accompanied by t h e  fo rmat ion  of a  l a b i l e  i n t e r -  
media te ,  w i t h  a b s o r p t i o n  spectrum which h a s  a  max. n e a r  480 mp,. Under 
t h e s e  e x p t l .  c o n d i t i o n s ,  t h e  decay of t h i s  ' ~ ~ t e r m e d i a t e  was 1st o r d e r ,  
w i t h  a  h a l f - l i f e  of - 1 0  msec. The p roduc t  o f  t h i s  decay i s ,  i n  p a r t ,  
Krasnovsky 's  p ink pigment. 



Living s ton ,  Robert 

L iv ings tsn ,  Robert and Fu j imori ,  E i  j i  

Some ~ r o ~ e r t i e s  of t h e   round t r i p l e t  s t a t e  of ch lorophyl l  and r e l a t e d  - -- I -  I - - -  - w - - 
compounds. ( ~ n i v .  of Minnesota, Minneapolis). J. Am. Chem. Soc. 80, 
5610-13 (1958). A  f l a s h  pho to ly t i c - f l a sh  photographic technique was 
used t o  measuie the  absorp t ion  spec t r a  of t h e  lowest t r i p l e t  s t a t e s  of 
chlorophyll-a  and -b, pheophytin-a and -b, Zn ch lorophyl l -a ,  Zn proto- 
porphyrin,  protoporphyrin,  mesoporphyrin, t e t r aphen lych lo r in ,  and Mg 
phtalocyanine i n  a i r - f r e e  CgH6 (wet and d r y ) ,  MeOH, o r  py r id ine  so lns .  
The p r i n c i p a l  absorp t ion  max. of t he  ground s t a t e  a r e  replaced i n  t he  
t r i p l e t  s t a t e  by a  broad absorp t ion  having a  max. on t h e  long-wave 
length  s i d e  of the  Sore t  band, which decreases  g radua l ly  toward the  
red .  N o  t r a n s i e n t s  were de t ec t ed  f o r  CU*- and ~e*-protoporphyrin 
i n  MeOh, ~ e * - ~ r o t o ~ o r ~ h ~ r i n  i n  e i t h e r  MeOH o r  py r id ine ,  CU*- 

ch lorophyl l -a  i n  benzene, $-carotene i n  CgHg,p-benzoquinone i n  C6Hg 
or  p - n i t r o a n i l i n e  i n  MeOH. 

Livingston,  Robert 

The photochemistry of ch lorophyl l  i n  v i t r o .  (Univ. of Minnesota, Minne- 
a p o l i s ) .  Ib id .  138-144. Review of s p e c t r a l  t r a n s i t i o n s  i n  ch lorophyl l .  
18 r e fe rences .  The evolu t ion  of organic  photochemistry on e a r t h .  Hans 
Gaffron (Univ. of Chicago), Ib id .  145-156. 4 - A review wi th  9 re ferences .  
The use of s o l a r  energy i n  t h e  prepara t ion  of organic  compounds, w i th  
s p e c i a l  re ference  t o  the  photochemistry of aldehydes and ketones.  

Longuet-Higgins, H. C . ,  Rector ,  C. W.  and 10, 2 
P l a t t ,  J. R. C A  45-2776f (1951) 

ing 
abs t r . ,  a l s o  Simpson, C .  A.  44, 5164e. The f i r s t  3 e l e c t r o n i c  t r an -  
s i t i o n s  of porphine and the  f i r s t  5 e l e c t r o n i c  t r a n s i t i o n s  of t e t r a -  
hydroporphine a r e  pred ic ted  a s  simple one-electron l i n e a r  combination 
of a t .  o r b i t a l s  mol. o r b i t a l  t r a n s i t i o n s  (with overlap included) .  The 
e l e c t r o n  d.  and bond orders  i n  t he  ground s t a t e s  a r e  a l s o  computed. 
The observed l e v e l s  a r e  t e n t a t i v e l y  assigned t o  the  predic ted  l e v e l s  
w i t h  the  help of comparisons with s p e c t r a  of o ther  aza-amine derLvsvs. 



of con juga ted  hydrocarbons.  Probable  d e g e n e r a c i e s  and p o l a r i z a t i o n s  
a r e  d e t d .  The b l u e  s h i f t  and l o s s  of i n t e n s i t y  of t h e  f i r s t  e l e c t r o n i c  
t r a n s i t i o n ,  i n  go ing  from t e t r a h y d r o p o r p h i n e  t o  t h e  l a r g e r  con juga ted  
system of  porph ine ,  i s  t y p i c a l  of t h e  change from a  " long- f ie ld"  t o  
a  " round- f ie ld"  mol. and is  shown t o  occur  i n  s e v e r a l  o t h e r  "long-f i e l d "  
sys tems when addnl ,  con juga ted  atoms a r e  added a t  t h e  s i d e  o f  t h e  system. 

Lundegardh, H. 

Act ion s p e c t r a  and t h e  r o l e  of c a r o t e n o i d s  i n  p h o t o s y n t h e s i s .  (Res. 
Lab. , Penningby, Swed.). P h y s i o l .  Plantarum 19 (31), 754-69 (1966) 
(Eng); c f .  CA 65,  4270e. The a c t i o n  spectrum of  p h o t o s y n t h e t i c  0 pro-  
d u c t i o n  was d e t d .  w i t h  suspens ions  o f  c h l o r o p l a s t s  and whole l e a v e s .  
Due t o  a  dominat ing i n f l u e n c e  of l i g h t  s c a t t e r i n g ,  t h e  a c t i o n  spectrum 
showed a  more uniform a b s o r p t i o n  o f  t h e  i n c i d e n t  l i g h t  t h a n  was expec ted  
from t h e  a b s o r p t i o n  spectrum i n  d i r e c t  l i g h t .  The compara t ive ly  s t r o n g  
p h o t o s y n t h e s i s  i n  g r e e n  l i g h t  may be  f u r t h e r  a ided  by t h e  l i g h t  r e a c t i o n  
between cytochrome f  and c h l o r o p h y l l  i n  which t h e  cytochromes a c t  a s  
p igments .  The whole r e g i o n  from 400 t o  900 i s  p h o t o s y n t h e t i c a l l y  
a c t i v e ,  w i t h  a  tendency t o  a  l i n e a r  r e l a t i o n  between t h e  i n t e n s i t y  of i n c i -  
d e n t  r a d i a t i o n  and photosynth 'e t ic  0 produc t ion .  The r e s u l t s  s u g g e s t  t h e  
p a r t i c i p a t i o n  of c a r o t e n o i d s  i n  t h e  pr imary energy convers ion  of pho- 
t o n s  t o  a c t i v a t e d  e l e c t r o n s  and o f  a t  l e a s t  2 l i g h t  r e a c t i o n s  i n  t h e  
p h o t o s y n t h e t i c  c y c l e .  The reduc ing  power of i l l u m i n a t e d  p - c a r o t e n e  
was demonstra ted i n  v i t r o  i n  i t s  e f f e c t  on f e r r e d o x i n .  1 8  r e f e r e n c e s .  

Lundegardh , H. 

Response o f  c h l o r o p l a s t  cytochromes t o  oxygen. Phys i o l .  Plantarum 15,  
399-408 (1962); c f .  p reced ing  a b s t r .  Two ins t ruments  were used t o -  
g e t h e r .  A doub le  spec t rophotomete r  recorded  s e p a r a t e l y  a  sample and 
a  r e f e r e n c e  a t  p r e c i s e  wavelength  i n t e r v a l s  of 2  mp; and a  scanner  
r a p i d l y  recorded a  p o r t i o n  of t h e  spectrum a t  wavelengths  correspond-  

. ing  t o  band peaks and p o i n t s  o f  r e f e r e n c e .  Time i n t e r v a l s  o f  0.2-40 
s e c .  were used.  With s h o r t  f l a s h e s  (0.25-2 s e c . )  g r e e n  c h l o r o p l a s t s ,  
w i t h  and w i t h o u t  0 ,  showed d i f f e r e n c e s  a t  558 and 564 ny,, cor responding  
t o  cytochromes b3 and b. A t  l onger  f l a s h e s  a  peak appeared a t  554, 
cor responding  t o  cytochrome f .  Expts.  w i t h  t h e  p a r t i c u l a t e  f r a c t i o n s  

. (p reced ing  a b s t r . )  f a i l e d  t o  g i v e  c o n c l u s i v e  ev idence  a s  t o  what p a r t  
of t h e  p h o t o s y n t h e t i c  c y c l e  which l e a d s  from cytochrome b3 t o  a c t i v a t e d  
c h l o r o p h y l l  i s  a c c e l e r a t e d  i n  t h e  p resence  of 0 .  



Lundegardk, H. 

c f .  CA 57,  1 0 2 2 6 ~ ;  fol lowing a b s t r .  When spinach c h l o r o p l a s t s  were 
i l lumina ted  a  no. of neg, bands appeared i n  t h e  absorbance spectrum, 

7 Bands at; 554, 558, and 562-564 tqi (cytoshramee) and 700 mp, were pre- 
.1 v i o u s l y  known, bu t  bands a t  500 and 640 were new. A no. of  t h e s e  

s p e c t r a l  d i f f e r e n c e s  a l s o  appeared i n  t h e  dark  when the  atm. was changed 
from N t o  0 and were probably due t o  r e v e r s i b l e  oxidn. of pigments. 
The 500 band was a t t r i b u t e d  t o  caro tenoids ,  and was s t r o n g l y  i n f l u -  
enced by redox changes i n  t r iphosphopyridine nuc l eo t ide .  The 640 mp, 
band was inf luenced by the  s t eady  s t a t e  of adenosine d i -  t o  t r i phospha ta ,  
and was probably involved i n  t h e  oxidn. of t h e  cytochromes. The spec- 
trum of ch lo rophy l l  b ,  but  no t  of a ,  was inf luenced by 0. The r e s u l t s  
a r e  d i scussed  i n  terms of 2 enzyme systems i n  photosynthes i s .  

Lyons, L. E. 

F i r s t - o r d e r  c a l c u l a t i o n  of f a c t o r  group s p l i t t i n g s  i n  t h e  e l e c t r o n i c  . (Harvard 
Univ.). J. Chem. Soc. 1958, 1347-51. F i r s t - o r d e r  ca lcn .  of t he  
va lues  of  i n t e g r a l s  and s p l i t t i n g s  f o r  durene,  ovalene,  and phthalo-  
cyanine have been made from t h e  mol. (soln.)  s p e c t r a .  These r e s u l t s  
a r e  appl ied  t o  p r e d i c t  t h e  c r y s t a l  s p e c t r a  o f  t he se  compds. 

Lyons, L. E . ,  Walsh, J. R. and 
White, J. W. 

Phthalocyanine c r y s t a l  spec t r a .  (Univ. Sidney).  J. Chem. Soc. 1960, 
167-75. The theory of t h e  c r y s t a l  s p l i t t i n g  of t he  i n t ense  abso rp t ion  
bands i n  s i n g l e  me ta l - f r ee  c r y s t a l s  is  employed t o  make quant. p re -  
d i c t i o n s  of s p e c t r a .  Ekptl .  po la r ized  s p e c t r a  a r e  repor ted  which d i f f e r  
from t h e  p red i c t ed  quant .  by t h e  order  of t h e  bands, t h e  energy sepa- 
r a t i n g  t h e  bands, and t h e  i n t e n s i t y  of t h e  bands. The 2 components 
of lower energy appear i n  t he  pred ic ted  sequence, but t he  o t h e r  2 do 
not .  The sepns. of  t he  var ious  bands agree i n  magnitude, but  t h e  pre-  
d i c t e d  spread ,  13,000 cm.-1, of t h e  bands f o r  t he  15,000-cm.'l wave-no. 
system i s  much g r e a t e r  than t h a t  observed, 1860 cm.-1 Differences be- 
tween pred ic ted  and observed i n t e n s i t i e s  occur i n  both p o l a r i z a t i o n s .  
The theory  i s  d e f i c i e n t  i n so fa r  as  it r e l i e s  upon e x p t l .  de td .  i n t en -  
s i t i e s ,  and bands which a r e  not  of the  required n e g l i g i b l e  width.  It 
i s  concluded t h a t ,  i n  s p i t e  of these  inadequacies ,  observa t ions  a r e  con- 
s i s t e n t  w i t h  the  assumption of a p a i r  of upper-energy s t a t e s  which a r e  
s i m i l a r  t o  t h e  lower-energy s t a t e s  i n  s y m e t r y ;  t h i s  i s  i n  agreement 
w i th  t h e  expec t a t i ons  based on M.0, theory. 



Mangurn, C h a r l o t t e  P. and Dales,  P h i l l i p s  R. 11, 9 
CA 63-6059b (1965) 

. (Univ.  ond don) . Comp. 
Biochem. Physiol .  15 (2), 237-57 (1965 ~ n g ) .  The porphyrins  and 
metal loporphyrins  of  d i f f e r e n t  organ systems of 15 spec i e s  of polychetes  
were exd. by chromatography on Sephadex G-25 o r  (2-75, o r  alumina columns 
and i d e n t i f i e d  by spectrophotometry o r  speetzrnseopg, The nhhm. ehnrac- 
e e r i s t i c s  of the numerous porphyrins and de r iv s .  a r e  d i scussed  i n  f u l l  
d e t a i l .  The deduced pathway of heme b iosyn thes i s  i n  t h e s e  worms d i f f e r s  
from t h a t  i n  v e r t e b r a t e s ,  i n  t h a t  prophyrin by-products accumulate i n  
nonsynthesizing t i s s u e s  and then a r e  converted t o  metal loporphyrins .  

Marcus, Rudolph J. and Haugen, G i l b e r t  R. 15;17 
CA 62-16551g (1965) 

Resonance f luorescence  i n  ch lorophyl l  a s o l u t i o n s .  (Stanford Res. I n s t . ,  
Menlo Park, C a l i f  .) . Photochem. Photobiol .  4 (2), 183-92 (1965) (Enn) . . - -  
I n  aq. hexane so lns .  ch lorophyl l  a ( I )  has  2 s e t s  of f luorescence  peaks,  
2 f luorescence  e x c i t a t i o n  peaks i n  t he  b l u e  and 2 i n  t h e  red.  One 
of t he se  s e t s  ( e x c i t a t i o n  2.34 p,'1 and 1.52 p,-1, f luorescence  1.50 p'l) 
is  t h e  same a s  t h a t  of I i n  &OH so ln .  and is  assigned t o  an unaggregated 
spec i e s  whi le  t h e  o the r  ( e x c i t a t i o n  2.44 p,-1 and 1.475 p'l, f luorescence  
1.48 P- i )  is assigned t o  a spec i e s  aggregated i n  the  presence  of  H20* 
The sha rp ly  increased  over lap  of absorp t ion  and f l uo re scence  causes  an  
e x p t l .  demonstrable resonance f luorescence  i n  t h e  aggregate .  

Margoliash, E. and Lus tgar ten ,  J. 

The chromatographic forms of cytochrome c .  (McGill-Montreal Gen. Hosp. 
Research I n s t . ,  Montreal, Can.). Ann. N.Y. Acad. Sc i .  94, 731-40 (1961). 
Mostly a review but  p rev ious ly  unpublished d a t a  on t h e  ch;omatography 

- 

of horse  cytochrome c ( I )  a r e  given. Native I was denatured i n  66% 
EtOH f o r  1 h r .  and chromatographed on a weak cation-exchange r e s i n  co l -  
umn. Several  peaks were obtained and each appeared t o  r ep re sen t  a homo- 
genous substance.  As t he  denatured I peaks came o f f  t h e  column a f t e r  
n a t i v e  I, it  was suggested t h a t  they co,ntZin more r e a c t i v e  b a s i c  groups 
i n d i c a t i n g  varying degrees  of d i so rgan iza t ion  of t h e  n a t i v e  I. From 
t h e  review of chromatographic d a t a  and low temperature s p e c t r a ,  i t  was 
concluded t h a t  t h e r e  is  no evidence f o r  t he  ex i s t ence  of more t han  one 
mol. form of I i n  v ivo  i n  any s i n g l e  t i s s u e .  57 re fe rences .  



Marks, Gerald  S. 

(Univ. Alber ta ,  Edmonton, 
) (Enn) . A review wi th  189 . . . -. 

r e f e r ences ,  over 50 s t r u c t u r a l  formulae,  and a  no, of r e a c t i o n  schemes. 

MauzeralL, b. and Feher,  G. 

Op t i ca l  absorp t ion  of porphyrin f r e e  r a d i c a l  formed i n  a  r e v e r s i b l e  
photochemical r eac t ion .  (Rockefel ler  I n s t . ,  New York, N.Y.). Biochim. 
Biophys. Acta 88 (3) ,  658-60 (1964)(Eng). The o p t i c a l  spectrum of t h e  
porphyrin f r e e  r a d i c a l  was e s t a b l i s h e d  a s  t h e  f r e e  r a d i c a l  observed i n  
E.S.R. exp t s .  (CA 61, 2111e). The e l e c t r o n i c  s t r u c t u r e  of  t h e  f r e e  
r a d i c a l  can be c r ea t ed  by e i t h e r  an addn. of t h e  e l e c t r o n  t o  t h e  porphy- 
r i n  r i n g  forming P- o r  removing one e l e c t r o n  from p h l o r i n  forming PH. 

Mauzerall ,  D. and Feher,  G .  

(uroporphyrins (u) , coproporphyrin 111 (c) , and 2,4-di(ol,B-dihydroxy) 
e thy ldeuteroporphyr in  IX (D)) i n  t h e  presence of var ious  reducing 
agents  (R) (EDTA, s p a r t e i n e ,  NADH, t h i a z o l i d i n e  4-carboxyl ic  ac id )  
r e s u l t s  i n  t he  formation of  f r e e  r a d i c a l s .  

Mauzerall ,  D. 1, 2 
CA 63-10226b (1965) 

(1965) 
(Eng). The changes i n  t h e  absorp t ion  and emission s p e c t r a  of  porphyrins  
i n  va r ious  mol. complexes i n  aq. so ln .  were s tud i ed .  These complexes 
a r e  formed wi th  a  v a r i e t y  of  mols. incJu'ding l a r g e  o rg .  c a t i o n s  and 
p l a n a r  n e u t r a l  he t e rocyc l i c  mols. S p e c t r a l  ana lys i s  by t h e  method of 
continuous v a r i a t i o n ,  t he  lack  of i s o s b e s t i c  p o i n t s ,  and a  new a n a l y s i s  
based on band widths  a l l  po in t  t o  t he  formation of a  s e r i e s  of complexes 
w i t h  s e v e r a l  addends c lu s t e r ed  about t he  porphyrin r i n g .  Ion i c  and 
d i s p e r s i o n  fo rces  c o n t r i b u t e  t o  the  s t a b i l i t y  of the  complexes, but 
t h e  water  s t r u c t u r e  about these  l a r g e  hydrophobic mols. i s  an equa l ly  
important f a c t o r .  An e s t .  of t h e  l a t t e r  i n t e r a c t i o n  based on i n t e r f a c i a l  

i 



tens ion i s  given.  The s p e c t r a l  changes, p a r t i c u l a r l y  t he  broadening 
of the  Sore t  band and not of t he  red band I, a r e  i n t e rp re t ed  a s  a  
change i n  t h e  near ly  degenerate  x and y components of the energy l e v e l s ,  
and a  model of the  complex i s  der ived .  Studies  a t  extreme d i l n .  ( ~ o - ~ H ) ,  
an ana lys i s  of t he  o p t i c a l  e f f e c t s  of aggregat ion on the  s p e c t r a ,  and 
the  absence of p o l a r i z a t i o n  of f luorescence  a l l  favor  the  view t h a t  
t he  uroporphyrin i s  monomolecularly d ispersed .  A sugges t ion  i s  made 
t h a t  such complexes ossur i n  heme p ro t e ins  as  p a r t  of the phosphorylat- 
ing mechanism and t h a t  t he  widespread occurrence of he t e rocyc l i c  mols. 
i n  b i o l .  systems i s  r e l a t e d  t o  t h e  formation of complexes. 

Inf luence  of water  on the Soret  band of ch lorophyl l s .  (Univ. of 
Minnesota, Minneapolis).  J. Phys. Chem. 67, 513-15 (1963). The addn. 
of H20 t o  so lns .  of ch lorophyl l s  a  and b i n  dry  py r id ine  reduces t h e  
he ight  of t he  main Soret  band and s h i f t s  i t  toward s h o r t e r  wavelengths. 
This change is about h a l f  complete i n  5% aq. s o l n s . ,  and complete i n  
50% aq. so lns .  When so lns .  of ch lorophyl l  a  o r  b  i n  15% aq. py r id ine  
were cooled t o  -550, the  s p e c t r a l  c h a r a c t e r i s t i c s  of so lns .  of t h e  
pigments i n  dry  pyr id ine  were r e s to red .  The p r i n c i p a l  red bands of 
both pigments were a l s o  decreased i n  t h e  presence of H20, bu t  not  s o  
much as  was t h e  Soret  band. The he igh t  of t he  v i o l e t  shoulder  on 
the Sore t  band was almost independent of so lvent  compn., whi le  t h e  
s a t e l l i t e  a t  638 n q ~  was suppressed and the  peak a t  619 mp was enhanced 
i n  t h e  presence of H20. This i n t e r a c t i o n  between ch lorophyl l s  and 
l a r g e  amts. of H20 i s  d i s t i n c t  from the  process  of f luorescence  a c t i -  
v a t i o n  by t r a c e s  of a c t i v a t o r s  i n  such so lven t s  a s  dry benzene. 

(Carneg i e  Ins  t . , 
1 ) .  The r e s u l t s  wi th  

3 a lgae  showed t h a t  a t  l i g h t - s a t u r a t i o n  the  r a t e  of photosynthesis  
depended on wavelength. With Ch lo re l l a  pyrenoidosa, contg. ch lorophyl l  
a  ( I ) ,  t he  accessory carotenoid pigments (11) and ch lorophyl l  b  (111), 
t h e r e  was a  peak a t  440 mp and a  secondary peak a t  650. With Phormidium 
persicinum, contg. I, I1 and phycobil ins  but  no t  111, t h e  peak was a t  

- 550-615. W i t h B o t r y d i o p s i s a l p i n a ,  which contains  I a n d  I I b u t  no t  
111, peaks were a t  420 and 695 



~ l e l ' n i k o v ,  S. and E v s t i g n e e v ,  V .  B. 

. (A. N. Bakh I n s t .  
4 ) .  With Me2CO-0.04N 

HH40H (4 : l )  as  ex tg .  agent ,  t h e  b e s t  y i e l d  of ch lo rophy l l  c  ( I )  was 
obtained from d r i e d  Cys tose i ra  barba ta ,  Fucus ves i cu losus ,  and 
I?tttiaadactylun~ triesaaucunr, b r a .  W a r s  waa'tred w l r h  pacr,  e ther ,  ads 
jus ted  t o  pH 5-6 w i th  NaH2P04, s a t d .  wi th  NaC1, and extd.  w i th  Et20. 
Et20:extd. 3  isomers of I and pheophytin c  (11) were sepd. by paper 
chromatography w i t h  naphtha p e t r .  e ther- iso-Pr0H (5:1:0.5). Chroma- 
tography was repeated w i th  P. t r icornutum e x t s .  f o r  b e t t e r  sepn. 
Spots  of I and I1 were e l u t e d  w i t h  80% Me2C0, Et20, &OH, EtOH, BuOH, 
iso-PrOH, BuOH, (26% xylene ,  to luene ,  pyridine,  o r  CHC13. Red hexagonal 
c r y s t a l s  were sepd. from an 85% EtOH so ln .  of I when l e f t  overnight  
i n  t h e  dark .  I i n  Me2C0 is  emerald-green and g ives  a  s t rong  b r igh t -  
red f luorescence .  Equal vo l s .  of  e the r - iod ine  so ln .  and 30% KOH g ive  
a  red r i n g  between t h e  2 phases.  Spec t ra  of I and I1 solns .  ( so lvent ,  
Amax. of I i n v ,  Amax, of I1 i n  mp are :  Et20, 446-7.5, 426; Me2-CO, 
448, 428; CHC13, 458, 436; xy lene ,  456, 436; 80% Me2C0, 446, -; &OH, 
448, -; EtOH, 445, -; C6Hg 457, -, to luene  458, -. Fluorescence m a .  
of  I and I1 so lns .  ( so lvent ,  Am,. i n  of I, Am,. i n  ty of 11) a re :  
Et20, 626, 670; Me2CO; 631, 672; MeOH, 644, 672; EtOH, 642, 672; C6Hgs 
640, 674; CHC13, 642, 672; to luene ,  639, 675; xy lene  638, 676; H20, -, 
676. I n  s o l n . ,  I e x i s t s  i n  an assocd. form. Dried I, d isso lved  i n  
anhyd. Et20 i s  d i ssocd .  and has &,ax. a t  665 and 580 9. 

Metzner, Helmut 

Spectrophotometr ic  measurements w i t h  f reeze-dr ied  c e l l s  of Ch lo re l l a .  
h i v .  Tuebingen, W. G e r .  ) . Studies  Microalgae Photosyn. Bac t e r i a ,  
c o l l e c t i o n  papers 1963, 227-37 ( i n  German). A new method i s  descr ibed  
f o r  d e t g ,  t h e  abso rp t ion  s p e c t r a  f o r  l i g h t - s c a t t e r i n g  m a t e r i a l s  i n  a  
Ze iss  spectrophotometer  PMQ 11. Freeze-dr ied c e l l s  of C. pyrenoidosa, 
a s  a  f l u f f y  dark-green powder pressed i n t o  a  t a b l e t ,  produced 9 d i f f e r e n t  
max. and shoulders  i n  t h e  long wavelength band of ch lo rophy l l  a  (640- 
680 w) .  

Mirsky, Rhona and George, P. 

Univ. 
of Pennsylvania,  Ph i lade lphia) .  Proc. Nat l .  Acad. Sc i .  U.S. 56 ( I ) ,  
222-9 (1966)(Eng). The o p t i c a l  r o t a t o r y  d i spe r s ion  (ORB) s p e c t r a  of cyto-  
c h r m e  c and its polymers var ied  widely under d i f f e r e n t  condi t ions  of  



pH and i o n i c  s t r e n g t h  o v e r  a  l a r g e  s p e c t r a l  range.  D i f f e r e n c e s  were 
l a r g e r  t h a n  those  i n  t h e  o p t i c a l  s p e c t r a ,  p r o v i d i n g  g r e a t e r  s e n s i t i v i t y  
w i t h  ORD a s  a method f o r  c o r r e l a t i n g  changes i n  p r o t e i n  s t r u c t u r e  w i t h  
changes  i n  t h e  environment of t h e  heme. S p e c i f i c  i o n  e f f e c t s  were  ob- 
se rved  a t  pH 2.2 i n  f e r r i c y t o c h r o m e  c ,  and,  a t  pH extremes,  t h e  i o n i c  
s t r e n g t h  o f  t h e  s o l n .  a f f e c t e d  t h e  d e p t h  o f  t h e  233 t rough .  The 
ferrocytochrome c  ORD was u n a l t e r e d  over  a  w i d e  pH range.  

M o r e l l ,  D . ,  B a r r e t t ,  J., Clezy,  P. 
and Lemberg, R. 

I s o l a t i o n ,  p u r i f i c a t i o n ,  and p r o p e r t i e s  of hemin a .  (Roy. North Shore 
Hosp., Sydney). Haematin Enzymes, Symp. I n t e r .  Union Biochern., Canberra ,  
1959, 1, 320-34 (Pub. 1961).  A method i s  d e s c r i b e d  f o r  t h e  prepn.  o f  
u n a l t e r e d  porphyr in  a  and hemin a  from h e a r t  muscle. The p r o s t h e t i c  
group of  cytochromes a ,  a l ,  and a 3  i s  heme a .  S p e c t r o s c o p i c  p r o p e r t i e s  
of heme a  compds. w i t h  n i t r o g e n o u s  b a s e s ,  CN-, n a t i v e  and dena tured  
p r o t e i n s  and t h e i r  CO compds. a r e  d e s c r i b e d  and compared w i t h  t h e  prop- 
e r t i e s  of cytochromes a,  a l ,  and a3. Detns.  of heme a  c o n t e n t  of 
t i s s u e s  a s  porphyr in  a o r a s  p y r i d i n e  hemochromogen a  a r e  r e p o r t e d .  

Moser, Frank H. and Thomas, Arthur L. 

Ph tha locyan ine  compounds. (Std.  Ul t ramar ine  & Color  Co., Hunt ington,  
W .  Va. ) . J. Chem. Educ. 4 1  (5),  245-9 (1964). A review w i t h  29 
r e f e r e n c e s .  

Moser, Frank H. and Thomas, Arthur  L. 4  
CA 58-14155h (1963) 

Ph tha locyan ine  Compounds. ACS Monograph 157. New York: Reinhold Pub. 
Corp. 1963. 365 pp. 

Mull iken,  Robert  S. 

11. (Univ. o f  Chicago).  3, Am. 
- Chem. Soc. 74, 811-24 (1952); c f .  C.A. 44, 5211f ;  45,  741411. A quantum- 

mech. t h e o r y  i s  p resen ted  f o r  t h e  i n t e r a c t i o n  of e l e c t r o n  a c c e p t d r s  and 
donors  (Lewis a c i d s  and b a s e s )  t o  form 1: 1 o r  n: B mol. compds. ranging 
from l o o s e  complexes t o  s t a b l e  compds. The t h e o r y  invo lves  resonance 
between no-bond s t r u c t u r e s  (A, B) and d a t i v e  s t r u c t u r e s  (A- -'Ba)$ where 



A and B a r e  a c c e p t o r  and donor ,  r e s p . ,  atoms, mols . ,  o r  i o n s .  Two 
c l a s s e s  of donors (n and onium bases )  and 3 c l a s s e s  o f  a c c e p t o r s  (n, 
v a c a n t - o r b i t a l ,  and d i s s o c i a t i v e )  a r e i c o n s i d e r e d  p a r t i c u l a r l y ,  and 
i o n i c  donors  and a c c e p t o r s  a r e  mentioned. A s p e c i a l  c l a s s  o f  i n t e n s e  
e l e c t r ~ n i c  a b s o r p t i o n  s p e c t r a  c h a r a s f @ r i n f  ic of mol, snftgds. A s B t  and 
n o n e x i s t e n t  f o r  e i t h e r  p a r t n e r  A o r  B a l o n e ,  i s  p r e d i c t e d ,  The f o r c e s  
which l e a d  t o  complex-formation ( c h a r g e - t r a n s f e r  f o r c e s )  may be of 

1 
eompwrnbls importance so 'Loadon's disparefnn Rorces in accaunting Per 

a van d e r  Waals a t t r a c t i o n s .  They have c h a r a c t e r i s t i c  s p e c i f i c  o r i e n -  
t a t i o n a l  p r o p e r t i e s  of p o s s i b l e  importance f o r  t h e  manner of packing 
o f  mols. i n  l i q u i d s ,  i n  mol. c r y s t a l s ,  i n  heterogeneous  sys tems,  and 
i n  b i o l .  sys tems.  They may a l s o  be  impor tan t  i n  a d s o r p t i o n .  They 
should i n c r e a s e  under  compression and t h u s  c o n t r i b u t e  t o  c o m p r e s s i b i l i t i e s .  
The e f f e c t  of c h a r g e - t r a n s f e r  f o r c e s  i n  lowering a c t i v a t i o n  b a r r i e r s  f o r  
chem. r e a c t i o n s  i s  d i s c u s s e d .  The benzene-I  and t h e  BX3.NR3 types  o f  
mol. compds. and t h e  A ~ +  complexes a r e  cons idered .  

Mul l ins ,  John A . ,  Adler , Alan D. 
and H o c h s t r a s s e r ,  Robin M. 

Vapor s p e c t r a  o f  porphyr ins  . (Univ. of Pennsylvania ,  P h i l a d e l p h i a ) .  
J. Chem. Phys. 43  (7), 2548-50 ( 1 9 6 5 ) ( ~ n g ) .  Most p o r p h y r i n - l i k e  mate- 
r i a l s  t end  t o  a g g r e g a t e ,  even i n  r e l a t i v e l y  p o l a r  media. Th i s  aggre- 
g a t i o n ,  o r  s p e c i f i c  s o l v e n t - s o l u t e  i n t e r a c t i o n ,  which can c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  s p e c t r a l  l o c a t i o n  of r a t h e r  s t r o n g  a b s o r p t i o n  
bands,  h a s  been i n v e s t i g a t e d  by a  comparison o f  t h e  s o l n .  s p e c t r a  i n  
benzene w i t h  t h e  vapor  s p e c t r a  o f  2  well-known s y n t h e t i c  porphyr ins ,  
meso-tetraphenylporphyrin (TPP) and copper TPP (Cu TPP). The s o l n .  
s p e c t r a  o f  TPP and o f  Cu TPP i n  benzene e x h i b i t  2  p r i n c i p a l  absorb ing  
r e g i o n s ,  t h e  S o r e t  r e g i o n ,  peaking a t  4180 A. f o r  TPP and a t  4160 A .  
f o r  Cu TPP, and v i s i b l e  a b s o r p t i o n  c o n s i s t i n g  o f  5  bands i n  TPP (6490, 
5920, 5480, 5150, and 4830 A.) and of 4  bands f o r  Cu TPP (6150, 5750, 
5380, and 5050 A.). I n  t h e  vapor  s p e c t r a ,  t h e  S o r e t  a b s o r p t i o n  was 
d e t e c t a b l e  above 300°, a l though  t h e  s p e c t r a  were  v e r y  broad a t  300-500'. 
The S o r e t  bands o f  b o t h  TPP and Cu TPP were a t  h i g h e r  e n e r g i e s  i n  t h e  
vapor  a s  compared w i t h  benzene s o l n .  s p e c t r a ,  t h e  s h i f t s  be ing  780 and 
760 cm.-l i n  TPP and Cu TPP r e s p .  Only 3  bands were  found i n  t h e  
v i s i b l e  a b s o r p t i o n  of TPP: 5920 A. (weak), 5370 (medium), and 5070 
( s t r o n g ) .  The 1st (weak) band is  t h u s  s h i f t e d  by f 4 0  cm. "l i n  going 
t o  benzene s o l n .  w h i l e  t h e  2  s t r o n g e r  bands a r e  r e d  s h i f t e d  i n  benzene 
by 350 and 280 cm.'l By u s i n g  observed o p t i c a l  d s .  a t  2  temps. and 
assuming t h e  Clausius-Clapeyron e q u a t i o n  i n  t h e  form d  = d  ( I n  ~ ) / d  ( 1 1 ~ )  = 
L ~ / R ,  t h e  e s t d ,  h e a t  o f  s u b l i m a t i o n  i s  c a l c d .  t o  be 2  x l o4  cal /mole .  



Myl 'nikov,  V.  S .  and P u t s e i k o ,  E. K. 

s t r u c t u r e  on a b s o r p t i o n  s p e c t r a ,  photo-e .m.f . ,  and photocond. ,  a s  w e l l  
a s  t h e  s i g n  of p h o t o c u r r e n t  i n  l a y e r s  sublimed i n  vacuum and powders 
o f  ph tha locyan ine  w i t h  a  m e t a l ,  was i n v e s t i g a t e d .  To 2 d i f f e r e n t  
c r y s t .  a and $ forms o f  t h e  pigment correspond d i f f e r e n t  a b s o r p t i o n  
and p h o t o e f f e c t  c u r v e s  i n  t h e  v i s i b l e  r e g i o n  o f  t h e  spectrum. I n  t h e  
~ - f o L m ,  which has  a  d e n s e r  packing of m o l s , ,  e l e c t r o n i c  cond.,  due 
a p p a r e n t l y  t o  t h e  o v e r l a p p i n g  o f  in te rmol .  p o t e n t i a l  b a r r i e r s ,  i s  
observed.  

Nekrasov, L.  I. and Kaple r ,  R. 1 3 ,  17 
CA 64-14481b (1966) 

6  
(Russ). The n a t u r a l  m i x t .  of  c h l o r o p h y l l s  a  ( I )  (concn. 0-728 micromole/ 
1. ) d i s s o l v e d  i n  i sooc  t a n e P r 0 H  (185: 15) was adsorbed on powderl ike  
p o l y a c r y l o n i t r i l e  (111) a t  18O. S p e c t r a  o f  d i f f u s e  r e f l e c t i o n ,  lumi-  
nescence s p e c t r a ,  and a  p h o t o s e n s i t i z a t i o n  e f f e c t  o f  t h e  i n  vacuo d r i e d  
samples on t h e  redn.  o f  methyl r e d  by a s c o r b i c  a c i d  were d e t d .  The 
observed a d s o r p t i o n  i so therms  were composed of 2 s t e p s .  The measured 
paramete rs  w i t h  e x c e p t i o n  o f  luminescence i n t e n s i t y  changed i n  each 
of t h e  2 p a r t s  of t h e  a d s o r p t i o n  isotherm i n  t h e  same way t h a t  they  
changed i n  t h e  c o u r s e  of a  s i n g l e - s t e p  a d s o r p t i o n  isotherm.  The c o e f f .  
of  d i f f u s e  r e f l e c t i o n  s h a r p l y  decreased ,  t h e ' a b s o r b a n c e  and t h e  photo- 
s e n s i t i z a t i o n  e f f e c t  i n c r e a s e d  i n  t h e  beg inn ing  o f  each s t e p  of t h e  
a d s o r p t i o n  i so therm,  then  a l l  parameters  l e v e l  o f f .  Each s t e p  of t h e  
a d s o r p t i o n  i s o t h e r m  seemed t o  corresp'6nd t o  sep .  a d s o r p t i o n  on c r y s t .  
and amorphous r e g i o n s  of t h e  heterogeneous  s u r f a c e  o f  111. Also,  t h e  
p r o p e r t i e s  of adsorbed c h l o r o p h y l l s  were d e t d .  by t h e  sum of  p r o p e r t i e s  
of I and I1 adsorbed on d i f f e r e n t  r e g i o n s  of t h e  I11 s u r f a c e .  

Nekrasov, L. I . ,  e t  a 1  

(Univ., Moscow). 
The a d s o r p t i o n  

i s o t h e n n  of n a t u r a l  c h l o r o p h y l l  ( i n  a l c .  s o l n . )  on s i l i c a  and alumina 
g e l  i s  a  2 - s t e p  c u r v e ,  t h e  2nd s t e p  beginning a t  a d s o r b a t e  concn. of 
about 0.5 pmoles/g.  The magnetic s u s c e p t i b i l i t y  of c h l o r o p h y l l  adsorbed 
on alumina g e l  th rough  a  min. a t  t h e  same concn. ,  w h i l e  t h e  curves  show 
d i f f u s e  r e f l e c t a n c e  and b r i g h t n e s s  c s e f f s ,  vo. soncn,  ( ch lo rophyl l  
adsorbed on alumina g e l  o r  paper )  changed more a b r u p t l y .  



Okunuki, K. 

Cytochromes and cytochrome oxidase .  (Univ. Osaka, Japan), 
(1966) (Eng) . A review wi th  con- 

c lu s ions .  Considered a r e  i s o l a t i o n ,  p u r i f i c a t i o n ,  and p r o p e r t i e s  of 
cytochromes, and p r o p e r t i e s  of cytochrome oxidase.  174 r e f e r ences .  

Okunuki, Kazuo, Sekuzu, I c h i r o ,  
Yonetani,  Takashi and Takemori, Sh igeki  

Cytochrome a.  I. Ex t r ac t i on ,  p u r i f i c a t i o n ,  and some p r o p e r t i e s  of 
cytochrome a. (Osaka Univ.). J. Biochem. (Tokyo) 45, 847-54 (1958). 

Olson, Rodney A. 15 ,  1 7 ,  12 
CA 59-1964c (1963) 

T rans i en t  f luorescence  changes i n  c h l o r o p l a s t s  during t h e  photochemical 
bleaching of ch lorophyl l  i n  v ivo .  m a t l .  I n s t .  of A r t h r i t i s  & Metabolic 
Diseases ,  Bethesda, M.) .  Proc. I n t e r n .  Congr. Photobio l . ,  3 rd ,  
Copenhagen 1960, 473-6 (Pub. 1961). Crys t .  p u r i f i e d  ch lorophyl l  a was 
d i s so lved  i n  py r id ine  and adsorbed on ac t i va t ed  s i l i c a  g e l .  The 4358 
A. r eg ion  from a 200 w. Hg a r c  was used as t h e  e x c i t i n g  l i g h t .  The 
g e l  p a r t i c l e s  (av. diam. 15OW) i n i t i a l l y  showed a b r i g h t  red f luorescence .  
This  was replaced r ap id ly  i n  a i r  by a b r i g h t  yellow emission which 
g radua l ly  disappeared upon continued e x c i t a t i o n .  These e f f e c t s  a r e  
s i m i l a r  t o  those observed wi th  c h l o r o p l a s t s  under s i m i l a r  o p t i c a l  con- 
d i t i o n s .  

Orten,  James M. 

. (Wayne S t a t e  Univ., 
Sc i .  Lib.)  17, 259-66 

(1956). Review wi th  20 re fe rences .  

Osni tskaya,  L. K. I 12 
CA 63-8763f (1965) 

. . .  
19-23. C.  vinosum was grown i n  a minera l  medium i r r a d i a t e d  wi th  nea r ly  
monochromatic Bight of t h e  wavelength corresponding t o  t h e  abso rp t ion  



maximums of main pigments of t h i s  microorganism. The photosynthe t ic  
development goes on only a t  t he  expense of l i g h t  a t  4 4 7 ,  4 6 4 ,  4 9 7 ,  and 
535 mp, which corresponds t o  ' the  absorp t ion  range of caro tenoid  pig-  
ments. This confirms t h e i r  p a r t i c i p a t i o n  i n  photoass imi la t ion  of C02 s 

Oster ,  G , ,  B e l l i n ,  J. S. 
and Holrnstrorn, 8 .  

Photochemistry of r i bo f l av ine .  (Polytech. I n s t . ,  Brooklyn., N.Y.) .  
Ekper ien t ia  18, 249-53 (1962). A review wi th  58 r e fe rences .  

Oster ,  G. , and Broyde , S . B . 1 7 ,  13 ,  11 
*- CA 61-3420g (1964) , 

Chlorophyll in:  i t s  analogies  wi th  ch lorophyl l  and i t s  p o s s i b i l i t i e s  
a s  a  photosynthe t ic  model. (Polytech. I n s t .  of Brooklyn, Brooklyn, 
N.Y.).  I b id .  137-43, d i scuss ion  143-4 ( i n  English) .  The binding of 
ch lo rophy l l i n  a  t o  poly (vinylpyrrol idone)  (WP) a t  pH 7.0 r e s u l t s  
i n  a  s h i f t  of i t s  red absorp t ion  m a x .  from 640 t o  660 q ~ .  The micro- 
c rys tn .  aggregates ,  absorbing a t  735 nmq, y i e l d  dimers,  absorbing a t  
688 q.~,  when extd.  by CHC13. Dimers may a l s o  be produced d i r e c t l y  
from WP-bound ch lorophyl l in  on s tanding  (acce lera ted  by l i g h t )  and 

w i l l  r e v e r t  t o  t he  monomers on addn. of a l k a l i .  The binding of 
ch lo rophy l l i n  t o  WP increases  t he  quantum y i e l d  i n  t h e  photooxidn. 
of azo dyes (with ascorb ic  ac id  a s  H-donor). The Krasnovsky r e a c t i o n  
( s u b s t r a t e  no t  s t a t e d )  i n  aq. b u f f e r  w i t h  a  "few percent" of py r id ine  
occurs  only i n  red (not b lue)  l i g h t ,  and binding t o  PVP does not 
a f f e c t  t h e  quantum y ie ld .  Chlorophyll  was found t o  be a s e n s i t i z e r  
f o r  t h e  decompn. of peroxides,  a r e a c t i o n  which may be involved i n  
0 evolu t ion  i n  photosynthesis .  

Perk ins ,  H. and Roberts,  D. W. A. 

ophys . 
e  r a t i o  

of t h e  he igh t s  of t he  430 q . ~  and 660 q . ~  absorp t ion  bands of ch lorophyl l  
a  i n  d i e t h y l  e t h e r  s o l u t i o n  should be 1.17-1.19 a r e  not  compatible w i t h  
our r e s u l t s  f o r  t h e  s p e c i f i c  a c t i v i t i e s  o r  t h e  spec t roscopic  p r o p e r t i e s  
of r i go rous ly  p u r i f i e d  samples of Ic- labeled ch lorophyl l  a .  It i s  
p o s s i b l e  t o  obta in  values of t h i s  r a t i o  s i g n i f i c a n t l y  lower than the 
comonly  accepted va lue  of 1.31-1.32 a s  t h e  r e s u l t  of i n t e r a c t i o n  of 
t h e  pigment mols. wi th  a l c .  o r  water  i n  t h e  d i e t h y l  e t h e r .  The lower 
va lues  do not  r e f l e c t  improved freedom of t he  ch lorophyl l  a prepns, 
from xankhophylls.  A l i m i t i n g  va lue  f o r  t h i s  r a t i o  must e x i s t  and 
t h i s  va lue  is  1.29, 



Person, P h i l i p  and Zipper ,  Herbert  

dena tura t ion .  (Veterans Admin, Hosp., Brooklyn, N . Y . ) .  Biochim. 
Biophys. Acta 92 (3) ,  605-7 (1964) (~ng . ) .  When prepns. contg. cyto- 
chrome oxidase were hea ted ,  cha rac t e r  i s  t i c  and reproducib le  changes 
occurred i n  t h e  a-peak of the oxidase. Aa ramp. was fnerensed, the 
a-poak a t  603-605 mp was lowered, broadened, and s h i f t e d  i n  s e q u e n t i a l  
f a sh ion  t o  t h e  5 9 0 - 9  region.  The nonheat- t reated c o n t r o l  prepn. 
(25O) had a t y p i c a l  oxidase a-peak a t  603-605 rrp.  With exposure t o  
e leva ted  temps. (45, 50, and 60°), t he  cu-peak was s e q u e n t i a l l y  lowered, 
i t s  max. was broadened, and i t  moved t o  s h o r t e r  wavelengths. F i n a l l y ,  
a f t e r  5 min. a t  60°, t he  a-peak was transformed i n t o  a lower, broad 
max. centered a t  590 mp. The s h i f t  from 603 q, t o  590 r q ~  occurred i n  
s t a g e s  as t he  temp. was e leva ted  and was not  an  abrupt  t r a n s i t i o n .  
This  same p a t t e r n  of change i n  t h e  max. was observed i n  a l l  prepns.  
thus f a r  t e s t e d ,  i . e . ,  i s o l a t e d  yeas t  and beef-heart-muscle mitochondria,  
and deoxycholate s o l u b i l i z e d  oxidase prepns. from yeas t  and beef h e a r t .  
I n  t he  Soret reg ion  of t h e  c o n t r o l  prepn. (25'), t h e r e  i s  a skewing of 
the  curve i n  t he  reg ion  of 444 r q ~ , ,  belonging t o  t he  oxidase.  With 
inc rease  i n  temp. t h e  i n t e n s i t y  o f  t h e  e n t i r e  Soret  absorbance i n  t h i s  
reg ion  f a l l s ,  t he  s p e c i f i c  changes cannot be i s o l a t e d  i n  t h e  oxidase 
Sore t  peak. The above s p e c t r a l  changes were accompanied by lo s ses  of 
oxidase a c t i v i t y ;  e .g . ,  exposure f o r  5 min. a t  temps. below 45' d id  not  
produce s i g n i f i c a n t  i nac t iva t ions  ; a f t e r  5 min. a t  45O, i n a c t i v a t i o n s  
of 30-50% were measured; following 5-mip, exposure a t  55-60°, 80-100% 
l o s s  of a c t i v i t y  r e s u l t e d .  Usually,  ,when the a-max. of a g iven  prepn. 
s h i f t e d  from 603-605 mp t o  600 np o r  below, the  a c t i v i t y  of t he  prepn. 
was very  low o r  completely l o s t ,  , 

Personov, R. 1, 4 
CA 59-9475b (1963) 

< 

Linear emission and absorp t ion  s p e c t r a  of phthalocyanine i n  frozen 
c r v s t a l l i n e  s o l u t i o n s .  Opt ilca i Spektroskopiya 15 ( I ) ,  61-71 (1963). 
The absorp t ion  and f luorescence spec t r a  were inves t iga t ed  of phthalo-  
cyanine (I) i n  octane,  nonane, and decane a t  77OK, wi th  an ISP-67 
spectrograph and e x c i t a t i o n  from a Xe lamp wi th  a green-blue f i l t e r  
( t ransmission reg ion  3600-6200 A . ) .  Under t h e s e  condi t ions ,  t h e  ob- 
ta ined  s p e c t r a  were w e l l  def ined and cons is ted  of  narrow bands. Mea- 
surements of s p e c t r a l  wavelengths were made wi th  a p rec i s ion  of k1-2 A. 
The obtained l i n e a r  s p e c t r a  of I i n d i c a t e  t h e  appearance of 2 e l e c t r o n  
t r a n s i t i o n s  a t  6910 and 6530 A. Each t r a n s i t i o n  contained a l a r g e  no. 
of v i b r a t i o n a l  subleve ls .  20 re ferences .  



Pestemer ,  M, 

and V i s i b l e  L i g h t ) .  S t u t t g a r t :  G. Thieme, 1964, 230 pp. DM 7.80. 

P h i l l i p s ,  John P. 1, 13 
CA 61-6560d (1964) 

S p e c t r a - S t r u c t u r e  C o r r e l a t i o n .  New York. Academic P r e s s .  1964. 
172 pp. $6.00. 

P l a t t ,  John R. 2 ,  13 
CA 50-7196f (1956) 

E l e c t r o n i c  s t r u c t u r e  and e x c i t a t i o n  of polyenes  and porphyr ins .  
(Univ. o f  Chicago),  I b i d .  71-123. 

Pr ingsheim,  P e t e r  1 5  

F luorescence  and Phosphorescence.  I n t e r s c i e n c e  P u b l i s h e r s ,  Inc .  , New 
York (1949) p. 425-432. 

Pullman, Bernard,  e t  a 1  

F e a t u r e s  o f  t h e  e l e c t r o n i c  s t r u c t u r e  of t h e  i ron-porphvr in  c o m ~ l e w  
w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  o x i d o r e d u c t i v e  p r o p e r t i e s  of cytochromes. 
(Univ. P a r i s ) .  Proc. N a t l .  Acad. Sc i .  U.S. 46, 1011-20 (1960). Mol. 
o r b i t a l s  a r e  d e t d ,  which may e s t a b l i s h  themselves between t h e  e l e c t r o n i c  
o r b i t a l s  of t h e  porphyr in  r i n g  and t h o s e  of t h e  m e t a l  c a t i o n .  Energies  
o f  mol, o r b i t a l s  i n  t h e  porph in  r i n g ,  and i n  i o n i c  and c o v a l e n t  f e r r i -  
and f e r r o p o r p h y r i n s  a r e  l i s t e d  and d i s c u s s e d  w i t h  emphasis on t h e  v a l u e s  
of t h e  e n e r g i e s  o f  t h e  n o r b i t a l s ,  and on t h o s e  of t h e  h i g h e s t  occupied 
and lowes t  empty of t h e s e  o r b i t a l s .  The d i s t r i b u t i o n  o f  t h e  mobi le  
e l e c t r o n i c  charges  i n  t h e  d i f f e r e n t  types  of complexes i s  i l l u s t r a t e d ;  
t h i s  g i v e s  complementary in format  i o n  on t h e  d i f f e r e n c e s  of t h e  s t r u c t u r e  
between t h e  2  t y p e s  ofFe-porphyrincomplexes, and on t h e  n a t u r e  of t h e  
i n t e r a c t i o n  between t h e  porphyr in  and t h e  Fe e l e c t r o n s  i n  t h e  cytochromes. 



Putseiko,  E* K. and Teren in ,  A .  N, 

pigments. Doklady Akad. Nauk S.S.S.R. 136, 1223-6 (1961); c . f .  CA 
55, 8064f. Crys t .  l aye r s  of ch lorophyl l  (a or  a -t- b)  and correspond- 
ing methylchlorophyll ides  were examd. a s  t o  s p e c t r a l  d i s t r i b u t i o n  of 
the phatoelee.  e f i~ iee ion  after act ivat ion by h e a t f n g  9n H z 0  vapor n t  
500. The red max. was g radua l ly  d isp laced  toward longer  wavelengths 
by t rea tment  w i th  H20 vapor. Chlorophyll  a  showed a  narrower photo- 
e l e c .  e.m. £. max. than ch lorophyl l  a  -t b ,  and showed the  same be- 
havior  t o  H20 vapor a s  descr ibed above. Pigments of green leaves  of 
n e t t l e  (Ur t ica  d i o i c a )  and Philadelphus (a mixt. of ch lorophyl l s ,  
c a ro t enes ,  and l i popro te ins )  showed a  much smal le r  l ag  of t h e  photo- 
e l e c .  c u r r e n t  than  was displayed by t h e  ind iv idua l  pigments above and 
t h e  inc rease  i n  c u r r e n t  occurred i n  l e s s  than 1 sec.  The s p e c t r a l  
max. i n  t hese  cases  were a t  710-20 mp, i nd i ca t ing  t h e  presence of 
c r y s t .  ch lorophyl l ;  t h e  420 max. i n  these  pigments was much g r e a t e r  
than  t h e  720 r r ~ ,  max., which was not  observed f o r  i s o l a t e d  pigment. 
In  t h e  reg ions  of both max. t h e  photocurrent  c a r r i e r s  showed *a pos. 
charge. 

Rabinowitch, Eugene and Govind jee ,  Ra j n i  17 ,  13 
CA 55-13485f (1961) 

on Light  and L i f e ,  Johns ~ o p k i n s  unive;sity,  1960, Light  and  if e ;  
proceedings. Edited by William D. McElroy and Bentley Glass. (Johns 
Hopkins Univers i ty .  McCollum-Pratt ~ n s t i t u t e ;  Cont r ibut ion  No. 302.) 

Rab inow i t c h ,  Eugene 12 
CA 50-14062g (1956) 

Photosynthesis  and Related Processes.  Vol. 11. Pt .  2 .  Kine t ics  of . New 
York: In t e r sc i ence  Pubs. 1956. 896 pp. $18.50. Cf. C.A. 49, 12623e. 

Rab inmi t ch ,  Eugene I. 12,  1 
CA 54-14378f (1960) 

(Univ. of I l l i n o i s ,  Urbana). Discussions Faraday Soc. No. 27, 161- 
72 (1959). The s t r u c t u r e  of ch lo rop la s t s  and the  o p t i c a l  p r o p e r t i e s  



of ch lorophyl l  a r e  examd, from the  po in t  of view of poss ib l e  migrat ion 
of exc i tons  and sepn. of charges a f t e r  l i g h t  absorp t ion  i n  a ch lorophyl l  
mol. Evidence suggests  the  presence i n  c h l o r o p l a s t s  of noncryst.  
monomol. ch lorophyl l  l aye r s .  It a l s o  appears t h a t  t he  ch lorophyl l  mols. 
a r e  present  i n  ( a t  l e a s t )  two d i f f e r e n t  s t a t e s .  Resonance migra t ion  of 
e x c i t a t i o n  energy of 100-200 ch lorophyl l  mols. appears p l aus ib l e ;  per-  
haps t h e s e  a r e  mols, a t tached  t o  a s i n g l e  g lobu la r  p r o t e i n  mol. i n  
tho chloropbnat Lamallne. There 2,s aa apeetrascopic evLdence f o r  the 
presence of e l e c t r o n  conductance l e v e l s ;  arguments f o r  t h e i r  ex i s t ence ,  
der ived  from paramagnetic resonance expts . ,  do n o t  seem convincing. 
Evidence suggest ing t h a t  ch lorophyl l  mols. undergo r e v e r s i b l e  t r a n s -  
formations (perhaps involving a redn. ) i n  photosynthes is  i s  d i scussed;  
t h e  2 types of ch lorophyl l  p resent  i n  c h l o r o p l a s t s  may be involved i n  2 
d i f f e r e n t  s t e p s  of the primary photochem. process .  

Radda, G. I<. and Calvin,  Melvin 

Chemical and photochemical reduct ions  of f l a v i n e  nuc leo t ides  and 
analogs. (Univ. of C a l i f o r n i a ,  Berkeley). Biochemistry 3 (3) ,  
384-93 (1964). The anaerobic photoredn, of r i b o f l a v i n e ,  f l a v i n e  
nononucleotide (FMN), 6 ,  7-dimethyl-9-hydroxyethylisoalloxazine, 
and l u n i f l a v i n e  i n  the  absence of e l e c t r o n  donors i s  s tud ied .  Luni- 
f l a v i n e ,  un l ike  the  o the r  3 compds, does no t  undergo photobleaching. 



R a f a e i o f f ,  R , ,  Kohl, F .  J.,  Ksueger, P,C. 4 
and Kenney, M .  E .  CA 65-3303a ( 1 9 6 6 )  

(Case I n s t .  of Technol., Cleveland, Ohio). 
J. Inorg.  Nucl. Chem. 28 (3),  899-902 (1966). 

Randolph, M. L. 16 ,  11 

Q u a n t i t a t i v e  S tud ie s  of E l e c t r o n  Spin Resonance Produced i n  B io log ica l ly  
S i g n i f i c a n t  Mater ia l s  by Ion i z inn  Radiat ions.  Free Radica ls  i n  B i o l o g i c a l  
Systems (1961) p. 249-261. g LA 

Riki reva ,  G , ,  e t  a1 

E lec t ron  paramagnetic resonance of c h l o r o p h y l l ' s  t r i p l e t  s t a t e .  (A. N. 
Bakh Biochem. I n s t . ,  Moscow). Dokl. Akad. Nauk SSSR 159(1) ,  196-7 (1964) 
(Russ) ;  c f .  B io f i z ika  8(5) ,  550 (1963). E.P.R. s i g n a l s  near  1600 oe. 
were found on i l l umina t ion  i n  t h e  v i s i b l e  of f rozen  a l c .  sq ln s .  of 
ch lo rophy l l s ( a  + b ) ( I )  and b (11) a t  77'~. w i t h  a  3-cm. spectrometer  
and were i d e n t i f i e d  w i t h  t he  t r i p l e t  s t a t e .  Chlorophyl l  a  (111) d id  
no t  show t h e  s i g n a l .  With I nd 11, concn. qt,&nching of t h e  s i g n a l  - 3 occurred a t  concns. above 10 M. A s i g n a l  a t  3300 oc. was found a f t e r  
10-30 sec.  i l l umina t ion  above 370 mp with  I, 11, and 111, decaying very  
s lowly i n  t h e  dark and was i d e n t i f i e d  w i th  t h e  f r e e  e l ec t ron ,  w i th  an 
ampli tude dependence on t h e  square  of t he  i l lumina t ion .  This  s i g n a l  i s  
thought  t o  r e s u l t  from a photooxidn. of  t he  pigment o r  r educ t ion  of t h e  
s o l v e n t ,  

Rimington, C. 

common porphyrins  has been examd. Values a r e  repor ted  f o r  t he  e x t i n c t i o n  
c o e f f s .  a t  t h e  So re t  band of t h e  e s t e r s  i n  n e u t r a l  so lven t  and of t h e  
porphyrins  d i sso lved  i n  a c i d  of s u i t a b l e  concn, The molar e x t i n c t i o n  
c o e f f s .  and the  Sore t  max. a r e  a s  fol lows:  uroporphyrin 111 octa-Me e s t e r  

5  (syn.)2.17 x  10 , 405-6 mp; uroporphyrin I cta-Me e s t e r  (na t . ) - - ,  406; 
co roporphyrin I11 tetra-Me e s t e r  1.80 x 1 d , 399.5; e t i opo rphyr in  I 1.60 x 
1 399.5; deuteroporphyrin di-Me-ester 1.75 x  lo5, 399; hernatoporphyrin 
di-Me-ester-- ,  402. porphine ( n e u t r a l )  2.64 x  lo5, 396,5; phy l loe ry th r ine  

3 Me e s t e r  1.95 x  10 , 415; pro toporphyr in  di-Me e s t e r  1.71 x 105, 407.5- 
' 5  uroporphyrin 111 (syn.) 5.28 x lo5> 405.5; coproporphyrin 111 4.89 x 10 , 



399.5; deu te roporphyr in  4.33 x l o 5 >  389; hematoporphyrin-- ,  401; porph ine  
( a c i d )  3.28 x lo5,  391; p h y l l o e r y t h r i n e  2.78 x 105, 421; p r o t o p o r p h y r i n  
2.62 x 10 , 408. Recommended v a l u e s  a r e  a l s o  t a b u l a t e d  f o r  u s e  w i t h  t h e  
formula  o f  R. and Sve insson  (CA 45, 5750g) which p e r m i t s  c o r r e c t f o n  f o r  
s l i g h t - a b s o r b i n g  contaminants  o f  porphyr ins  i n  impure s o l n s ,  

Rimington,  C .  

(Univ. C o l l .  Hosp. Med. School ,  London). Endeavour 14,  
126-35 (1955): A review of t h e  s t r u c t u r e s  of porphyr ins .  The b i o -  
s y n t h e s i s  o f  porphyr ins  and o f  hem i s  surveyed. The mechanism of  deg- 
r a d a t i o n  o f  hemin is i l l u s t r a t e d .  The r o l e  of u roporphyr in ,  copropor-  
p h y r i n ,  and p ro toporphyr in  i n  t h e  b i o s y n t h e t i c  pathway l e a d i n g  t o  hem 
i s  d i s c u s s e d . -  

Rimington,  C . 

Hem pigments and porphyr ins .  (Univ. Col l .  Hosp. Med. School ,  London). 
Ann. Rev. Biochem. 26, 561-86 (1957); c f .  C.A. 44, 10765b; 50, l l l l a .  
A  review of  advances s i n c e  1950 with emphasis on developments of 1956, 
and c o v e r i n g  p o r p h y r i n  and p y r r o l e  chemis t ry ,  a n a l y t i c a l  methods, 
b i o s y n t h e s i s ,  p o r p h y r i a ,  and porphyr inur ia .  262 r e f e r e n c e s .  

Rimington, C . ,  and Kennedy, G. 2 
CA 58-689d (1963) 

. (Univ. C o l l .  

Ringer ,  A .  

Measurement of a b s o r p t i o n  i n  s o l u t i o n s  o f  g reen ,  b l u e  and v i o l e t  dyes.  
(Kornmarkt 3, M'Chlhausen/Thiir., Ger.). Pharmazie 6, 44-8, 103-7, 
156-61 (1951);  c f ,  C.A. 45,  2632b, The fo l lowing  a r e  d i s c u s s e d  and 
a b s o r p t i o n  curves  ( s t e p  photometer)  and max, g iven:  C r 2  (SO4I312 
H 0 ,  C r  pe rox ide ,  Na c u p r i t a r t r a t e ,  KMn04, I ,  Nd, Guinea Green B ,  
~ Z i z s r i n e c ~ a n i n e  Green G e x t r a ,  bromophenol b l u e ,  bromothymol b l u e ,  
thymolph tha le in ,  methylene b l u e ,  Th ion ine  Blue GO, Giemsa s t a i n ,  May- 
Griinwald s t a i n ,  V i c t o r i a  Blue R, V i c t o r i a  Blue 4R, P a t e n t  Blue V ,  
A n i l i n e  Blue, methyl v i o l e t ,  Diamine Black BH, Chicago Blue,  Diamine 
Blue 3B, D i a n i l  Blue B ,  ph tha locyan ine ,  ind igo ,  Indan threne  Blue RS, 
~ r i l t i a n t  Ind igo  BAsF/B, and c o l o r i n g  m a t t e r s  from Alkanna t i n c t o r i a ,  
Delphinium c o n s o l i d a ,  and A l t h a e a  r o s e a ,  



Ringer ,  A ,  

Pharrnaz i e  
3 ,  247-51 (1948),--Absorption s p e c t r a  r e a d i l y  d i s t i n g u i s h  between 
ch lo rophy l l ,  green inorg.  s a l t s ,  and green dyes i n  soln.  
The e f f e c t  of v i b r a t i o n a l  coupling on t h e  r e a c t i v i t y  of hydrocarbons, 
A .  K. Ubbelohde. Rev. i n s t .  f r anc ,  p e t r o l e  4 ,  488-501 (1949)' Two 
processes  have been suggested i n  explana t ion  of t h e  camparative ranstivity 
of homolags iaom@ra. haenwd8ng @a Bhc e b e ~ % p a n i e  t heo ry ,  neighbor- 
aag groups may a f f e c t  t he  ene rg i e s  of e l e c t r o n s  tak ing  p a r t  i n  a  bond. 
According t o  the  v i b r a t i o n  coupl ing theory  t he  v i b r a t i o n s  of  neighboring 
groups may i n t e r a c t  i n  vary ing  degree w i t h  t he  v i b r a t i o n s  of a  given 
bond. Recent phys. d a t a  on hydrocarbons a r e  reviewed i n  an  a t tempt  t o  
a s s e s s  t h e  r e l a t i v e  importance of the  two processes  i n  t h e  ox ida t ion  
of  homologs and isomers. Vibra t ion  coupl ing  seems t o  be of p a r t i c u l a r  
importance i n  hydrocarbon oxida t ions ,  where t h e  r e a c t i v i t y  i nc reases  
w i t h  i nc reas ing  l eng th  of t he  C chain,  

Robinson, G. Wilse 

a l laws  a  s tudy of s p e c t r a ,  so lven t  s h i f t s ,  and energy t r a n s f e r  phenomena 
over a  wide range o f  so lven t  p rope r t i e s .  Cont r ibu t ions  t o  t he  s p e c t r a l  
s h i f t s  can a r i s e  from t h e  u sua l  London d i s p e r s i o n  energy, exchange 
r epu l s ions  and a t t r a c t i o n s ,  and dipole-induced d i p o l e  i n t e r a c t i o n s .  
Except f o r  t h e  frequency s h i f t s  and c e r t a i n  i n t e n s i t y  pe r tu rba t ions ,  
t h e  spectrum of a  nonpolar s o l u t e  i n  t h i s  s o r t  of an  environment i s  l i k e  
t h a t  of a  randomly o r i e n t e d  gas a t  4.2'~. A s t r i k i n g  p e r t u r b a t i o n  on 
the  phosphorescence l i f e t i m e  of C H i n  heavy r a r e  gases  was explained 
on t h e  b a s i s  of an exchange i n t e r k c f i o n  mixing s t a t e s  of the  C H - r a r e  
gas complex, w i t h  Russell-Saunders components f u r t h e r  mixed by6tRe l a r g e  
ra re -gas  s in-o  b i t  pe r tu rba t ion .  The o s c i l l a t o r  s t r e n g t h  f o r  e  pure ly  

1 
EP r a d i a t i v e  'B A t r a n s i t i o n  i n  unperturbed C H i s  7.7 x 10- , and a  

150-cm. p a t h l ~ f  h l i h l y  p u r i f i e d  l i q u i d  C H6 s h o t l a  be s u f f i c i e n t  t o  
observe i n  a b s o r p t i o  t he  1 s t  s t rong  bans of t h i s  system pred ic ted  t o  - E l i e  near  31,000 cm. A type of t unne l l i ng  from the  lowest t r i p l e t  s t a t e  
back t o  t h e  ground s i n g l e t  s t a t e  was found. It u s u a l l y  involves  h igh  
v i b r a t i o n a l  quantum nos,  of t h e  ground s t a t e .  Energy t r a n s f e r  from t h e  
exc i t ed  s i n g l e t  t o  t he  exc i t ed  t r i p l e t  was h igh ly  s e n s i t i v e  t o  l o c a l  
so lven t  environment. This  process  apparen t ly  can be e s s e n t i a l l y  stopped 
o r  made 100% e f f i c i e n t  simply by changing t h e  mass of the  so lven t  mols. 
This  phenomenon i s  no doubt a  func t ion  of t he  s t r e n g t h  of the  coupl ing 
between t h e  i n t e r n a l  modes and t h e  l a t t i e B m o d e s ,  t he  coupling being 

/ 



dependent on the  p o l a r i z a b i l i t y  of t he  so lvent .  So l id  H o r  Ne so lven t s  
should provide the  l e a s t  oppor tun i ty  f o r  energy t r a n s f e r  dur ing  a n  
e l e c t r o n i c  l i f e t i m e ,  Very p o l a r i z a b l e  so lven t s  promote t he  populat ion 
o f  the  lowest t r i p l e t  s t a t e  i n  those  cases  where t h e  non rad i a t i ve  process  
i s  slow i n  hydrocarbon so lvents .  

i 

Salum, Yamil, e t  a 1  

Spectrophotometr ic  s t u d i e s  on porphyrins .  (Univ. Buenos Ai res ) .  Anales 
Asoc. Quim. Arg. 49, 269-78 (1961). The v i s i b l e  s p e c t r a l  curves of 
uroporphyrin I ( I ) ,  uroporphyrin 111 (11), and phyriaporphyrin I11 (111) 
i n  d i l .  K C 1  and t h e i r  Me e s t e r s  i n  C H C l  a r e  repor ted .  The Sore t  bands 

3 
i n  015N H C 1  (g x 1 0 ' ~  i n  pa ren thes i s )  were: I 405.5 (5.40), I1 405.5 
(4.80), and I11 404.5 (4.95). 

Sauer ,  Kenneth 

Op t i ca l  r o t a t o r y  d i s p e r s i o n  of ch lorophyl l  i n  s o l u t i o n  and i n  chloro-  
p l a s t  subuni t s .  (Univ, of C a l i f o r n i a ,  Berkeley). Proc. Nat l .  Acad. 
Sc i .  U.S. 53(4) ,  716-22 (1965) (Eng). Quantasome aggrega tes  were prepd. 
from sonica ted  spinach c h l o r o p l a s t s ,  and ch lorophyl l  a  was sepd. chromato- 
graphica l ly .  The o p t i c a l  r o t a t o r y  d i s p e r s i o n  spectrum of  t he  aggregates  
showed s t r o n g  Cotton e f f e c t s  assocd. w i t h  abso rp t ion  bands i n  t h e  red 
and b lue  regions. The ch lorophyl l  i n  CC14 so lns .  showed changes i n  i t s  
d i s p e r s i o n  spectrum wi th  changing concn. and l a r g e  Cotton e f f e c t s  a t  
h igh  concns, where ch lorophyl l  dimers were s t a b l e .  The observed d i spe r -  
s i o n s  i n  quantasomes were i n t e r p r e t e d  t o  a r i s e  from s t r o n g  i n t e r a c t i o n s  
among aggregated pigment mols. i n  t h e i r  l i p o p r o t e i n  matr ix .  

Savinov, B. G .  

. Primenenie 
Metodov Spekt roskopi i  v  Prom. Prodovol 's tven.  Tovarov i S e l ' s k ,  Khoz., 
Leningrad. Gosudarst. Univ. i m .  A. A .  Zhdanova, Mater ia ly  Soveshchaniya, 
Leningrad 1955, 136-44 (pub, 1957);  c f .  C.A. 50, 7925h. On t h e  b a s i s  
of  t h e  dependence of spectrophotometr ic  c h a r a c t e r i s t i c  on t h e  s t e r eo -  
con f igu ra t i on  of a  s e r i e s  of caro tene  dyes,  t he  s t r u c t u r e  of p a r t i c u l a r  
c i s - t r a n s  isomers could be c l o s e l y  approximated. The u l t r a v i o l e t  
s p e c t r a  of pigments of ca ro t ene  s e r i e s ,  succes s fu l ly  sepd. by chromatog- 
raphy, showed 3  b a s i c  max. (mp) w i t h  2  of them e s p e c i a l l y  accentuated:  
*-carotene, i n  H2S ( I ) ,  511, 478, 446, i n  chloroform ( I I )492 ,  460, 345, 
i n  benzene (111) 490, 458, 448, i n  pe t r .  e t h e r  (IV) 478, 447, 425, i n  



e thanol  (V) 479, 449; f3-carotene, i n  I 521, 485, 452, i n  I1 493, 465, 
436, i n  111 498, 464, 424, i n  I V  484, 451, 426, i n  V 487, 453; y- 
caro tene ,  i n  I 533, 496, 463, i n  I11 510, 477, 447, i n  I V  495, 463, 
432; k ryptoxanth in ,  i n  I 518, 483, 453, i n  I1 497, 463, 433, i n  I V  
486, 452, 420; zeaxanthin,  i n  I 518, 483, 450, i n  I1 494, 462, 429, i n  
I V  483, 451; f lavoxanth in ,  i n  I 478, 448, i n  11 459, 430, i n  I V  450, 
421; v io l axan th in ,  i n  I 505, 470, 440, i n  11 482, 452, 424, i n  111 
484, 454, i n  I V  472, 443, i n  I11 507, 474, 445, i n  V 503, 472, 445 
mp, were i d e n t i f i e d ,  

I- 
/ 

Seely ,  G i l b e r t  R. 

Molecular o r b i t a l  s tudy of t he  porphyrins ,  (Univ. of  Washington, 
S e a t t l e ) .  J.  Chem. Phys. 27, 125-33 (1957). A L.C.A.O. mol. o r b i t a l  
ca lcn ,  was made f o r  models of  porphin and i t s  hydrogenated der ivs . ,  
c h l o r i n ,  a- and (3-tetrahydroporphin, and hexahydroporphin. Applica-  
t i o n  of t he  r e s u l t s  t o  t h e  s p e c t r a  of t he se  compds. provided a  con- 
s i s t e n t  i n t e r p r e t a t i o n  i n  terms of r e l a t i v e  energ ies  of  t he  2  h ighes t  
f i l l e d  mol. o r b i t a l s .  Comparison was made l a r g e l y  w i t h  t he  observed 
s p e c t r a  of Zn te t raphenylporphyr ins .  The calcn.  confirms t h e  proposed 
s t r u c t u r a l  assignments f o r  a- and (3-tetrahydroporphins.  

See ly ,  G. R. and Jensen,  R. G .  1, 17 
CA 63-15730b (1965) 

E f f e c t  of so lven t  on the  spectrum of c h l o r o ~ h v l l .  (Charles  F, Ket t e r ing  
Res. Lab., Yellow Springs,  Ohio). Spectrochim. Acta 21(10), 1835-45 
(1965) (Eng). V i s i b l e  s p e c t r a  of ch lorophyl l  i n  40 so lven t s  were r e -  
corded and t h e  fol lowing parameters t abu la t ed  . for  each: p o s i t i o n  of  
t h e  red  and So re t  bands, e x t i n c t i o n  coef f .  and half-width of t h e  red  
band, t h e  ~ o r e t l r e d  band and the  ~ o r e t l ~ o r e t  s a t e l l i t e  band e x t i n c t i o n  
coe f f .  r a t i o s .  The p o s i t i o n  of t h e  red  band depends more on t h e  n  
than  on the  d i e l e c .  const .  I n t e r p r e t a t i o n  of o the r  s p e c t r a l  p r o p e r t i e s  
i s  a s s i s t e d  by d i v i s i o n  of so lven t s  i n t o  3  c l a s s e s :  (1) po l a r  a l i p h a t i c  
compds. w i t h  s i n g l e  bonds only;  (2)  po l a r  a l i p h a t i c  compds. w i t h  
m u l t i p l e  bonds; and (3) mainly aromatic  compds. With t h e  a i d  of t h i s  
d i v i s i o n ,  c o r r e l a t i o n s  were found between t h e  ha l f -wid th  and t h e  p a r t  
of  t h e  red  s h i f t  t h a t  depends on d i e l e c ,  cons t . ,  between t h e  p o s i t i o n  
of  t h e  S o r e t  and red  bands, and between t h e  S o r e t l r e d  and t h e  S o r e t l  
So re t  s a t e l l i t e  a b s o r p t i v i t y  r a t i o s ,  



Sevchenko, A. N., et a 1  

The symmetry of the porphyrin molecules. Doklady Akad. Nauk. S.S.S.R. 
128, 510-13 (1959). S., et al, investigated the polarization of 
fluorescence of the porphyrins in acrd, neutral; and the metal-psr- 
phyrins to det. its symmetry. The absorbing spectra of the investigated 
compds, show the typical porphysln s p e c t r a ;  the band w a e  only slightly 
displaced, owing to the solvent used. The emitted spectra in all the 
cases investigated had 2 bands closely sym. to the 2 absorbing bands. 
Fluorescence was excited in the uppermost part of the absorption band. 
The degree of polarization was measured in the lower part of the 
emission band. The optimum polarization was measured by the dependence 
of the degree of viscosity. The viscosity was varied by changing the 
temp. The limiting polarization was calcd. by extrapolating to 
infinite viscosity. The porphyrin mol, investigated was tetraphenyl- 
porphyrin, which possesses the same sym. properties as the porphyrin 
mol., and so the conclusions drawn on it must be valid for the por- 
phyrin mol. From the study of the Zn tetraphenylporphyrin in neutral 
soln., S., et al. concluded that the mol. belongs to the D 
group. The change in the polarization spectra when the porp 4hnsYimnetry yrin is 
shifted from the acid to neutral or to metal-porphyrin is conclusive 
evidence of the high symmetry of the porphyrin mol. 

Sevchenko, A. N., et al 

Sevchenko, A. N. 15,2 
CA 57-288~ (1962) 

. Izv. Akad. Nauk SSSR, Ser. 
Fiz. 26, 53-60 (1962). A survey of available exptl. data (25 references) 
and of new data on the polarization spectra of protoporphyrin in castor 
oil shows that the 2 fluorescence bands in porphyrins are due to 2 
different oscillators. In the case of a 2-band system (symmetry D 
metal porphyrins) the 2nd absorption band, and in the case of a 4-fik;d 
system (porphyrins) the 2nd and 4th bands, are due to the superposition 
of vibrations on excited electronic states. The 2nd emission band is 
due to the superposition of the same vibrations on the ground state. 
Transitions with a fully symmetric vibration are parallel to the purely 
electronic transition; nonsymmetric vibrations are perpendicular to the 
electronic transition. 



Shakhov, A ,  A , ,  e t  a 1  

Probl .  Kosmich. Biol. ,  Akad. Nauk SSSR 4, 474-86 (1965)(Russ). Various 
p l a n t s  were i r r a d i a t e d  w i th  short-wave and medium-wave uv-rays a t  a l t i -  
tudes of 4000-5000 m. (Pamir) and 3200 m. (Mount Aragats) .  I n  p l a n t s  
exposed t o  uv-rays w i t h  a  wavelength of 254 mp, the  s t r u c t u r e  of  t he  
c h l o r o p l a s t s  was normal and t h e i r  pigment conten t  w a s  high,  which 
i n d i c a t e s  cons iderab le  r e s i s t a n c e  t o  uv - i r r ad i a t i on .  

Shakhverdov, P.A. 

T r i p l e t - t r i p l e t  absorp t ion  s p e c t r a  of some t e t r a p y r r o l e  pigments i n  
l i q u i d  s o l u t i o n s .  Optika i Spektroskopiya 19(6) ,  933-5 (1965)(Russ). 
A comparative s tudy was made of t h e  abso rp t ion  s p e c t r a  of ch lorophyl l  
de r iv s .  ( ch lo rophy l l i n ,  ch lo rophy l l i de ,  theophyt in ,  and theophorbide) 
d i s so lved  i n  C H s tyrene ,  EtOH, and Me CO, under impulse i l lumina t ion .  

2 The cons ts .  of6tk: r a t e  of d e a c t i v a t i o n  of t h e i r  t r i p l e t  s t a t e s  a r e  
tabula ted .  S i g n i f i c a n t  s t r u c t u r a l  changes i n  t h e  mols. of t e t r a p y r r o l e  
pigments,  when t h e  system of  conjugated bonds i s  conserved, have l i t t l e  
e f f e c t  on t h e  t r i p l e t - t r i p l e t  abso rp t ion  a t  400-700 mp. The e f f e c t  i s  
pronounced i n  t he  n e a r - i r  region,  

Shashoua, V ic to r  E. 

Magnetooptical r o t a t i o n  s p e c t r a  of porphyrins  and phthalocyanines .  
(E. I. du Pont de Nemours & Co., Inc. ,  Wilmington; Del.). J. Am. 
Chem. Soc. 57(18),  4044-8 (1965)(Eng). The magnetoopt ical  r o t a t i o n  
(M.O.R.) s p e c t r a  of  a  no. of  porphyrins ,  phthalocyanines ,  and t h e i r  
meta l  de r iv s .  w e r e  detd.  i n  an e f f o r t  t o  c o r r e l a t e  M.O.R. s p e c t r a  w i th  
abso rp t ion  spec t r a .  Of t he  compds. s t ud i ed  Zn and Mg phthalocyanine 3 had t h e  l a r g e s t  magnetic r o t a t i o n s :  -8 x 10 and -8.8 x lo5, resp.  No 
evidence could be obtained f o r  r e l a t i o n s  between t h e  shape o r  t h e  

.magnitude of t h e  observed magnetic r o t a t i o n s  and t h e  ground-s ta te  para-  
o r  diamagnetism of t h e  mols. Some evidence was obtained f o r  a  r e l a t i o n  
between t h e  shape of t he  M.O.R. spectrum and t h e  p o l a r i z a t i o n s  of 
t r a n s i t i o n s  i n  t h e  abso rp t ion  spec t r a .  A d e s c r i p t i o n  is  given of an  
automatic  record ing  M.O.R. spec t ropolar imeter  w i th  a  solvent-compensating 
f e a t u r e  and a  s e n s i t i v i t y  of  &0.001 and f 0 . 0 0 3 ~  f o r  t h e  v i s i b l e  and uv 
reg ions ,  r e sp , ,  of t h e  spectrum. 



Shashoua, Victor E ,  

Magnetooptical rotation (M.O.R.) spectra of cytochrome c. (E. I. du Pont 
de Nemours & Co., Wilmington, Del.). Nature 203 (4948), 972-3 (1964). 
The M.O.R. spectra of both oxidized and reduced cytochrome c show 
distinctive peaks. The reduced form has 6 neg. peaks corresponding to 
the a (549  mp,) and @ 4520  m\+S ~haorpgion ka&fill ~ h m i l i g  QtlaG r,ha lacear 
consists of 26 fused peaks. The large neg. sp. rotation of -1450 at 
549 mp is decreased to -160 for the oxidized form, suggesting that this 
band can be used to study the kinetics of the interconversion. In the 
Soret region, a sp. rotation of -1750 at 410 mp for the reduced form 
is only slightly increased on oxidn. 

Shiga, I, T. and Piette, L. H. 

Triplet state studies of flavine by electron paramagnetic resonance. 
(Varian Assocs., Palo Alto, Calif.). Photochem. Photobiol. 3(3), 
213-22 (1964). 

~hul'ga, A. M., Gurinovich, G. P., and 1, 17, 2 
Sevchenko, A. N. 65-14012f (1966) 

A study of metal complexes of photoreduced forms of porphyrins and 
chlorins. (Inst. Phys., Minsk). Dokl. Akad. Nauk SSSR 169(5), 
1206-8 (1966)(Russ). Spectral curves were shown for photoredn. of 
etioporphyrin, chlorin, and chlorophyll in the presence of Zn (OAc)2 
with ascorbic acid as the reducing agent. The 525 mp forms of chIoro- 
phyll and pheophytin were identical, confirming a previous hypothesis 
(Seely and Folkmanis, CA 61) . 

Sidorov, A. N. 13, 1, 2 
CA 64-16199h (1966) 

series. Usp. Khim. 35(2), 366-91 (1966)(Russ). A review with 139 
references through 1964, dealing with spectroscopic studies of changes 
in porphins, including isomerization, tautomerism, mo1.-complex forma- 
tion, H exchange hydrogenation, dehydrogenation reactions, and reversible 
photoredn. 



Smith, Luc i l e ,  Ba l t schef fsky ,  Margareta,  1, 1 2  
and Olson, J . M .  CA 54-12271a (1960) 

Absorption-spectrum changes observed on i l l umina t ion  of aerobic  sus-  
(Univ, of Pennsylvania,  Ph i l a -  

18 (1960) ; c f .  C.A. 53, 19040a; 
c f .  fol lowing a b s t r .  I l l umina t ion  of ae rob ic  suspensions of Rhodo- 
s p i r i l l u m  rubrum o r  Rhodopseudomonas spheroides  r e s u l t s  i n  3 kinds of 
changes of abso rp t ion  s p e c t r a :  (a) Oxidn. of one of t he  cytochrome 
sys t ems .  ThLe Fs the  electron-transport chain over which the  photo- 
oxidant  and p h o t o r e d u c p n t  r e a c t  c o i n c i d e n t a l l y  w i t h  t he  phosphoryla- 
t i o n  of adenusinediphosphate (ADP) t o  adenos ine t r iphosphate  (ATP). 
(b) The appearance of a  broad absorp t ion  peak a t  434 mp. (c)  A 
decrease  i n  t h e  caro tenoid  abso rp t ion  peaks and t h e  appearance of  absorp- 
t i o n  peaks a t  longer  wavelengths. Changes (b) and (c) a r e  always very  
small  i n  ae rob ic  b a c t e r i a  taken d i r e c t l y  from a growing c u l t u r e ,  b u t  
t he se  a r e  increased  when t h e  b a c t e r i a  a r e  washed o r  when i n h i b i t o r s  such 
a s  phenylmercuric a c e t a t e  o r  cyanide a r e  added. The condi t ions  f o r  t h e  
appearance of t h e  abso rp t ion  peak a t  434 mp and a  s tudy  of t h e  k i n e t i c s  
of i t s  appearance i n d i c a t e  t h a t  i t  i s  n o t  formed i n  normal oxidn.-redn. 
r e a c t i o n s  a f t e r  i l l umina t ion ,  b u t  appears  when e l e c t r o n - t r a n s p o r t  
r e a c t i o n s  a r e  i n h i b i t e d .  

Sna r t ,  Ronald S. 

The o p t i c a l  and e l e c t r i c a l  p r o p e r t i e s  of mi tochondr ia l  p repara t ions .  
( Indiana Univ., Bloomington). Biochim. Biophys. Acta 88(3) ,  502-6 (1964) 
(Eng). It has  been shown t h a t  e l ec t ron -accep to r  quinones can coaplex t o  
p r o t e i n s ,  decreas ing  t h e i r  e l e c .  r e s i s t i v i t y  and semiconductive a c t i v a -  
t i o n  energy. Such complex p r o t e i n s  a r e  s u i t a b l e  f o r  energy t r a n s p o r t  
i n  b i o l .  systems by a  semiconduction mechanism.' Coenzyme QLO i s  known 
t o  be involved i n  ox ida t ive  phosphorylat ion r e a c t i o n s  i n  assocn. w i t h  
t h e  cytochrome system. The semiconductive and o p t i c a l  p r o p e r t i e s  of a  
cytochrome c-coenzyme Q complex have ind i ca t ed  a  pos s ib l e  mechanism 

10 f o r  such r e a c t i o n s  and an i n v e s t i g a t i o n  of t h i s  complex i n  a  mi tochondr ia l  
l i p i d  medium and complete mitochondria has provided evidence f o r  t h e  
p o s s i b l e  r o l e  of a semiconductive mechanism i n  mitochondrial  energy 
t r a n s p o r t  . 



Solov 'ev ,  K. 

No, 3 ,  27-38. Porphins have a  c h a r a c t e r i s t i c  abso rp t ion  s p e c t r u m  con- 
s i s t i n g  of 4 bands. On in t roduc t ion  of a  metal  i n t o  t h e  mol. ,  bands I11 
and I V  disappear .  Spec t roscopic  i n v e s t i g a t i o n  of t he  mol. symmetry of 
porphyrins  by the  max. p o l a r i z a t i o n  method showed t h a t  i n t roduc t ion  of a  
meta l  atom Sncreases  t h e  symmetry from D t o  D L h  and reduces t h e  no. of 
batids i n  the apsctrum. A srurly of elie rn?@ror. i L g e  symmecry between 
abso rp t ion  3nd f luorescence  emission s p e c t r a  (Levshin e f f e c t ,  Photo- 
luminescence of Liquid and So l id  Compounds, 1951 (CA 49, 12974f))  on 
porphins  contg. and no t  contg.  metals  i nd i ca t ed  t h a t  bands I and I1 
correspond t o  a  s i n g l e  e l e c t r o n  t r a n s i t i o n .  This  was confirmed by a  
c a l c n ,  of p r ~ p a b i l i t i e s  of e l e c t r o n  t r a n s i t i o n s  accompanied by emission, 
which d e f i n i e e l y  showed t h a t  bands I and I1 a r e  due t o  one e l e c t r o n  
t r a n s i t i o n  and bands 111 and I V  t o  another .  The metal  atom produces 
a  pe r tu rba t ion .  A s u b s t i t u e n t  i n  1 of t h e  py r ro l e  r i n g s  i nc reases  t h e  
per turbat io 'n  s o  t h a t  t h e  i n t e n s i t y  of band I becomes s t i l l  g rea t e r .  An 
increased  nuc lear  charge of t he  metal  (e.g., Mg -. Zn) i nc reases  t h e  prob- 
a b i l i t y  of an  emiss ion less  t r a n s i t i o n  of an exc i t ed  mol. t o  a  t r i p l e t  
s t a t e  and a l s o  of a  d i r e c t  d e a c t i v a t i o n  t o  t he  ground s t a t e .  To i n v e s t i -  
g a t e  t he  intermol .  t r a n s f e r  of e n e r g f i n  porphin r i n g s  t o  t h e  c e n t r a l  
me ta l  atoms and t h e  e f f e c t  of  t he tme ta l s  on t h i s  t r a n s f e r ,  Sevchenko, 
e t  al.(CA 55, 12030g) synthes ized  phthalocyanine complexes contg. r a r e  
e a r t h  elements.  The complex wi th  Eu had the  s t r o n g e s t  f luorescence ,  
t h a t  wi th  Gd, which has  a very  h igh  magnetic moment, exh ib i t ed  a  weaker 
f luorescence ,  and t h a t  w i t h  Y d i d  no t  f l uo re sce  a t  a l l  ( t h e  exc i t ed  l e v e l  
of Y is  lower than t h a t  of t h e  phthalocyanine r i n g ,  wh i l e  t h a t  of Eu i s  
h igher ) .  

~ o l o v ' e v ,  K. N. ,  e t  a 1  1, 2 
CA 63-16182~ (1965) 

Q u a s i - l i n e a r  e l e c t r o n  s p e c t r a  of porphine and i t s  d e r i v a t i v e s .  T r .  
Komis. po Spekt roskopi i ,  Akad. Nauk SSSR 1964(1), 634-47 (Russ). The 
q u a s i - l i n e a r  abso rp t ion  and luminescence s p e c t r a  of porphine and dihydro- 

0 porphine, and of some of  t h e i r  d e r i v s .  i n  c r y s t .  mat r ixes  a t  77 K. were 
s tud i ed .  The observed frequency d i f f e r e n c e s  a r e  i n t e r p r e t e d .  A com- 
pa r i son  of t h e  s p e c t r a  of porphine and c h l o r i n e  showed t h a t  hydrogenation 
of t h e  double bond i n  one of t h e  py r ro l e  r i n g s  d id  no t  impair t h e  sharp- 
ness  of t he  l i n e s .  The absence of s p l i t t i n g  i n  t h e  s p e c t r a  of chloro-  
p h y l l  i s  due t o  t h e  complexity of t he  system of t he  s u b s t i t u e n t s ,  and 
probably t o  t he  presence of phytol  group. From Ref. Zh., F i z .  D. Fiz.  
Atoma i Molekuly, Optika,  Magnitn. Rezonans 1965, Abstr .  No. 3D196. 



S t an ienda ,  Al f red  

pheophyt ins  a  and b. (Humboldt-Univ., B e r l i n ) .  Z .  Physik.  Chem. 
(Le ipz ig )  229(3/4) ,  257-72 (1965). 

S t e r n ,  A ,  and Molvig, H. 

The f l u o r e s c e n c e  of t h e  porphyr ins .  2, physik .  Chem. A175, 38-62 
(1935).  The f l u o r e s c e n c e  s p e c t r a  of s e v e r a l  porphyr ins  i n  dioxane 

were  de td .  and compared w i t h  t h e  a b s o r p t i o n  s p e c t r a .  The e f f e c t s  of 
v a r i o u s  s u b s t i t u t e d  groups were  s t u d i e d  and many r e g u l a r i t i e s  found 
t o  h o l d  f o r  bo th  s p e c t r a .  The p o s i t i o n s  of t h e  f luorescence-band maxima 
of i n d i v i d u a l  normal porphyr ins  a r e  s i m i l a r  t o  t h o s e  of t h e  analogous 
a b s o r p t i o n  s p e c t r a .  The same h o l d s  f o r  t h e  d i r e c t i o n  of t h e  d i s p l a c e -  
ment o f  bands caused by v a r i o u s  groups.  The main l i n e s  and t h e  f o r e  
bands I o f  t h e  f l u o r e s c e n c e  s p e c t r a  l i e  p r a c t i c a l l y  on t h e  same p l a n e  
a s  t h e  r e d  bands and bands I a  o f  a b s o r p t i o n  s p e c t r a .  y - S u b s t i t u t e d  
porphyr ins  and t h o s e  hav ing  bo th  unsatd .  and ca rbonyl  g r o u p 3 a r e  ex- 
c e p t i o n s ,  P o s i t i o n  isomers cannot  be d i s t i n g u i s h e d  from each o t h e r  
by t h e i r  f l u o r e s c e n c e  s p e c t r a .  The e f f e c t  o f  v a r i o u s  s u b s t i t u t i o n s  
i n  t h e  d ihydroporph in  system was s t u d i e d  and t h e  f l u o r e s c e n c e  s p e c t r a  
o f  v a r i o u s  d e r i v s .  o f  a- and B-chlorophyl l  de td .  R e g u l a r i t i e s  were  
found a l though  d i f f e r e n t  from t h o s e  i n  t h e  c a s e  o f  normal porphyr ins .  
The f l u o r e s c e n c e  s p e c t r a  o f  2 s o l i d  porphyr ins  and a  m e t a l l i c  d e r i v .  
o f  a  porphyr in  a r e  d e s c r i b e d ,  The f l u o r e s c e n c e  s p e c t r a  o f  2 s o l i d  
pyrromethenes a r e  given.  

S t e r n ,  A .  and Wender le in ,  Hans 

111. Z .  physik.  Chem. A174, 321-34 
i s o n s  were made of t h e  a b s o r p t i o n  

c u r v e s  of 2 ch lo roporphyr in -e  d imethy l  e s t e r s  t h a t  a r e  isomers  b u t  
d i f f e r  g r e a t l y  i n  s t r u c t u r e .  5 ~ h e  p resence  of a  r i n g  between y C atom 
and p o s i t i o n  6 i n  t h e  e s t e r  produced w i t h  MeOH-HC1 could  be confirmed 
by comparing i t s  a b s o r p t i o n  curve  w i t h  t h a t  o f  rhodoporphyrin-XV 
d imethy l  e s t e r .  The a b s o r p t i o n  of a  porphyr in  u n s u b s t i t u t e d  i n  t h e  

- $ - p o s i t i o n  and w i t h  an i s o c y c l i c  r i n g  was measured and only  a  small 
b l u e  d i sp lacement  found a s  compared w i t h  t h a t  cor responding  t o  $- 
p o s i t i o n  i n  E t - s u b s t i t u t e d  porphyr in .  Var ious  d e r i v s .  of t h e  c h l o r o -  
p h y l l - @  s e r i e s  were  s t u d i e d  and r e g u l a r i t i e s  found s i m i l a r  t o  t h o s e  
o f  t h e  a - s e r i e s ,  The e f f e c t  o f  h y d r a t i o n  of v i n y l  group i n  t h e  2- 
p o s i t i o n  upon l i g h t  a b s o r p t i o n  i n  bo th  a- and @ - s e r i e s  i s  d i s c u s s e d ,  



Stern, A. and Wenderlein, Hans 1, 2 
CA 30-5500 (1936) 

. IV. Z. physik. Chem. A175, . The light absorptions of por- 
phyrins, tetra- and hexa-substituted porphyrins, porphyrins treated 
with alcs. of high mol. wt., and porphyrins derivs, contg. one and 
two CO group@ were meaeured. 

Suvorov, N. I. & Parshina, 2. S. 

Spectrophotometric study of the absorption bands of chlorophyll in 
connection with the problems of cosmic evolution of photosynthesis, 
Akademiia Nauk Kazokhskoi S .S .Re 

Takeyama, Naokata 12 
CA 55-15628h (1961) 

Molecular mechanism of enerav transfer and conversion in the photo- 
synthetic system. (Kyushu Univ., Fukuoka, Japan). Experientia 17, 
43-6 (1961) (in English). An attempt is made to develop a phys. model 
for transfer and conversion of excitation energies in photosynthesis. 
The main processes consist of energy transfers from accessory pigments 
(carotenoids), phycobilins, chlorophyll b, cg etc.) to chlorophyll 
a. The energy migrations in the aggregate system of chlorophyll-a mols, 
is explained by the intramol. "exciton" of Forster (CA 43, 5667d). 
Energy exchange by stimulation of a n-n triplet of chlorophyll through 
a paramagnetic metal-contg. enzyme is proposed and discussed. 

Terenin, A. N., Tachin, V. and Shakhverdov, P. 13, 8 
CA 63-15738b (1965) 

Spectra of transients of riboflavine, lumiflavine, and lumichrome under 
flash excitation. (State Univ., Leningrad). Photochem. Photobiol. 
4(3), 505-9 (1965)(Eng). Solns. of lumiflavine and riboflavine in 
the presence of Ph NH show, under flash excitation, a reversible fading 

2 of their absorption bands, with the appearance of bands of the semi- 
quinone of the flavine and the cation radical of Ph NH; lumichrome 
under similar conditions extracts a H atom from Ph 

2 * 

Uspenskaya, V.E. 2, 13 
CA $3-6035~ (1965) 

(M.V. Lomonosov State 
), 940-3 (1965)(~uss), 



Vartanyan, A ,  T, 

. Zhur. Fiz.  Khim. 30, 
1028-43 (1956) 

1 Weigl, John W .  and Livingston,  Robert  
< 

I n f r a r e d  s p e c t r a  of ch lorophyl l  and r e l a t e d  compounds. Jou rna l  of 
American Chemical.Society,  Vol, LXXV (1953) p. 2173-6.. 

Weiss, Charles ,  Kobayashi, Hiroshi ,  and 10,  2  
Gouterman, Martin CA 63-9229g (1965) 

Spec t r a  of porphyrins ,  111. S e l f - c o n s i s t e n t  molecular o r b i t a l  
c a l c u l a t i o n s  of porphvrin and r e l a t e d  r i n g  svstems. (Harvard Univ.). 
J. Mol. Spec t ry ,  16(2) ,  415-50 (1965) (Eng) ; c f .  CA 59, 10451d. 
S.C.M.O. c a l c u l a t i o n s  on the  porphin r i n g  by the  method of P a r i s e r ,  
Par r ,  and Pople (Pa r i s e r  and P a r r ,  CA 47, 1018f; Pople,  CA 59, 5956h) 
confirm e a r l i e r  conclusions of Gouterman (CA 53, 16690b) and P l a t t  (CA 
47, 6251i) t h a t  t h e  v i s i b l e  and So re t  bands of t h e  porphin abso rp t ion  
spectrum can be explained by a  f o u r - o r b i t a l  model. According t o  t h i s  
model, t h e  lowest two p a i r s  of exc i t ed  con f igu ra t i ons  a r e  a c c i d e n t a l l y  
degenerate ,  and t h e  ex tens ive  i n t e r a c t i o n  between them accounts  f o r  
t h e  g r e a t  i n t e n s i t y  of t he  S o r e t  and t h e  r e l a t i v e  weakness of  t he  
v i s i b l e  bands; i n t e r a c t i o n  wi th  h ighe r  con f igu ra t i ons  i s  neg l ig ib l e .  
The f o u r - o r b i t a l  model is  extended t o  give a  succes s fu l  account of 
t h e  abso rp t ion  s p e c t r a  of te t rabenzporphin,  and of reduced and co- 
porphyrins.  I t  a l s o  accounts  f o r  t he  c y c l i c  polyene p e r t u r b a t i o n  
which s p l i t s  t h e  v i s i b l e  bu t  no t  t h e  So re t  bands of f r e e  base porphin. 
More e l a b o r a t e  c a l c u l a t i o n s  u s ing  ex t ens ive  con f igu ra t i on  i n t e r a c t i o n  
give remarkable q u a l i t a t i v e  agreement w i t h  t he  porphin t r i p l e t - t r i p l e t  
abso rp t ion  spectrum, and make p o s s i b l e  t h e  reassignment of t he  u l t r a -  
v i o l e t  bands of t e t r azaporph in  and 90% of t he  t o t a l  energy r a d i a t e d  by 
t h e  continuum. The s p e c t r a l  d i s t r i b u t i o n  of t h e  continuum i s  i n t e g r a t e d  
t o  o b t a i n  a  measurement of t h e  t o t a l  continuum energy r a d i a t e d  from N. 
These a r e  compared w i t h  d i r e c t  measurements of t h e  t o t a l  r a d i a t i o n  and 
w i t h  a  no. of t h e o r e t i c a l  p r ed i c t i ons .  These comparisons i n d i c a t e  t h a t  
a t .  l i n e  r a d i a t i o n  i s  no t  an important c o n t r i b u t o r  t o  t h e  t o t a l  r a d i a t i o n  
f o r  t h e  cond i t i ons  under i n v e s t i g a t i o n  and t h a t  another  source of 
continuum r a d i a t i o n  such a s  t he  neg. N i on  may be an important c o n t r i -  
bu tor  i n  t he  v i s i b l e  reg ion  of t h e  spectrum. Elec.  and thermal conds. i 

of N and A r  plasma were a l s o  measured over t h i s  temp. range a t  atm, $" 
pressure ,  Theory and o the r  exp t s ,  a r e  compared. From Nucl. Sc i .  Abstr .  LLi 
19(8) ,  1787 (1965). ; 



Whalley, Margaret 

. (Inp. Col l . ,  

Wil l iams,  R. J. P. 

The p r o p e r t i e s  of metal loporphyrins .  (Oxford Univ., ~ n g l . ) .  Chem. 
Revs. 56,  299-328 (1956). A review w i t h  101 r e f e r ences .  

Yagi, Kunio, Okuda, Jun, a,nd Matsubara, Toshiro 8 
CA 62-3264h (1965) 

F a t t y  a c i d  e s t e r s  of f l av ines .  11. Ribof lav ine  t e t r a c a p r a t e  and 
r i b o f l a v i n e  t e t r a b u t v r a t e .  (Univ. Nagoya, Japan).  Bitamin (Kyoto) 
21(4),  525-7 (1960); c f .  i b id .  21(2),  217-20 (1960); ib id .  22(2),  175-7 
(1961); CA 62, 855h. Ribof lav ine  cap ra t e  and b u t y r a t e  were prepd. 
The abso rp t ion  s p e c t r a  and f luorescence  emission s p e c t r e  of  t h e i r  
a l c .  so lns .  were e s t d , ,  and t h e i r  R v s l u e s  i n  va r ious  so lven t s  were 

f a l s o  obtained.  Chem. s t r u c t u r e  was s t u d i e d  by t h e  e s tn .  of  r i b o f l a v i n e  
and f a t t y  a c i d  i n  t h e  mols., and by pe r ioda t e  oxidn. These 2 der ivs .  
a r e  r i b o f l a v i n e  2', 3 ' ,  4 ' ,  5 ' - t e t r a c a p r a t e  and r i b o f l a v i n e  2', 3 ' ,  
4 ' ,  5 ' - t e t r a b u t y r a t e .  

Yonetani,  Takashi  5 ,  1 
CA 54-17509e (1960) 

Cytochrome oxidase.  I. Absolute and d i f f e r e n c e  absorp t ion  spec t ra .  
(Univ. of Pennsylvania ,  Ph i lade lphia) .  J. Biol .  Chem. 235, 845-52 
(1960); c f .  CA 53, 20146d. A p u r i f i e d  prepn. of cytochrome oxidase 
was made by a  modi f ica t ion  of t he  method of Okunuki, e t  a l .  (CA 
53, 4 3 6 9 ~ ) .  The absorp t ion  s p e c t r a  of t h e  prepn. t r e a t e d  w i t h  cyanide, 
CO, and reducing agents  a r e  e s s e n t i a l l y  i n  agreement w i th  those of 
o the r s .  The p o s s i b l e  r e a c t i o n s  of cytochromes a  and a  w i t h  cyanide, 
CO, and reducing agents ,  which a r e  adapted t o  t h e  detn? of d i f f e r e n c e  
s p e c t r a  of cytochromes a and a  a r e  considered.  Cytochrornes a  and a  
a r e  spec t rophotomet r ica l ly  sepa. from each o the r  i n  t h e  d i f f e r e n c e  

3  

s p e c t r a ,  t h e  r e s u l t s  of which prove t h a t  about h a l f  of the  peak a t  445 
mp i n  t h e  d i f f e r e n c e  spectrum of cytochromes a  and a  i s  due t o  3 
oxidized cytochrome a,  whi le  t h e  o the r  h a l f  i s  due t o  reduced cyto- 

sepd. spectrum of reduced cytochrome a  -CN show c l e a r  
and 

3 
The sepd, s p e c t r a  of reduced cytochrome 



a -CO show max, a t  430 mp, 545 mp, and 590 my, which a r e  almost 
i a e n t i c a l  t o  those of the  photochem. a c t i o n  s p e c t r a  of the  CO compd. of 
r e s p i r a t o r y  enzyme. The r e l a t i o n  between cytochrome oxidase and cy to-  
chromes a and a i s  discussed.  

3 

Zerner ,  Michael, and Gouterman, Martin P O ,  2 
CA 64-7385f (1966) 

P o r ~ h v r i n s .  I V .  Extended Hueckel c a l c u l a t i o n s  on t r a n s i t i o n  metal  - - - 

complexes. (Harvard Univ.). Theoret. Chim. Acta 4 (1 ) ,  44-63 (1966) 
(Eng); c f .  CA 63, 9229g. The extended Hueckel model i s  appl ied  t o  
porphyrin systems w i t h  meta l s  Mn, Fe, Co, N i ,  Cu, Zn and t o  t h e  
d i p r o t i c  acid.  A s i n g l e  method f o r  choosing parameters i s  d e t a i l e d .  
The model i s  used t o  d i s c u s s  magnetic s t a t e ,  coupl ing  of r i n g  and 
me ta lb  e l e c t r o n i c  t r a n s i t i o n s ,  and t h e  e f f e c t  of  nonplanar i ty ,  




